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TREE PLANTING IN THE PRAIRIE-PLAINS REGION 

In many sections of the country where native hardwood forests or 
prairie grasslands were formerly extensive, unwise use of the land has 
deprived the soil of its original protective cover. 

1 Maintained in cooperation with the University of Minnesota at St. Paul, Minn. 
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of the prairie-plains, * this condition, aggravated by disastrous droughts 
of recent years, has resulted in extensive blowing and wastage of the 
best topsoil and the ruiming of many farms. Public interest has 
lately been awakened to the need of restoring vegetative cover to this 
land by planting trees and shrubs and revegetation in general. 

The need for trees and shrubs in the prairie-plains area is funda- 
mental—for the protection and beautification of farm homes and 
schools, the reduction of wind erosion of fields, the protection of crops 
by shelterbelts, the production of fuel and fence posts, and for the 

F334639 

Figure 1.—Thrifty 2-year-old shelterbelt in Greer County, Okla., Chinese elm 
at left, black locust at right. Height, 12 to 14 feet. Planted by Prairie 
States Forestry Project, Forest Service. 

furnishing of food and cover for songbirds and upland game birds and 
animals (figs. 1 and 2). The use of properly designed shrub wind- 
breaks as snow traps to reduce drifting on highways is an additional 
little-explored field with great possibilities. 

Most of the forest planting in the past has been in the eastern and 
southern United States and has been aimed at bringing back the 
pines, spruces, and other conifers over large areas devastated by 
logging and repeated fires. The literature regarding the propagation 
of conifer seedlings is extensive and authoritative; but information 
concerning the seed and the propagation of the deciduous trees and 
shrubs suitable for prairie-plains planting is rather meager. 

Tree planting on the prairie-plains received its greatest impetus 
between 1873 and 1891 from the Timber Culture Act passed by 

2 The region specifically referred to in this bulletin does not include all of the true plains or the eastern 
prairies, but is more or less on the dividing zone between the two areas. It includes certain parts of North 
and South Dakota, Nebraska, Kansas, Oklahoma, and north Texas, which lie between the 97th and 102d 
meridians of longitude. 
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Congress on March 3, 1873. In brief, this act with its subsequent 
amendments provided the settler with free land on the stipulation 
that he plant and care for a certain acreage of trees. After the repeal 
of the act in 1891, interest in tree planting suffered a temporary slump. 
Today, most of the remaining windbreaks planted in “‘tree-claim”’ 
days are overmature and in need of replacement. 

In recent years, the passage of the Clarke-McNary Act of June 7, 
1924, has revived interest in tree planting. This act, among other 
things, provides for Federal and State cooperation in distributing 

F 334665 

FicurE 2.—This double row of cottonwoods along a Kansas highway serves a 
dual purpose in beautifying the highway and reducing wind erosion of adjacent 
agricultural fields. 

nursery stock to farmers for demonstrations of farmstead and wind- 
break planting. In 1935 the Federal Government, acting through 
the Forest Service, started a large-scale program of shelterbelt planting 
on the prairie-plains within a zone 100 miles wide and 1,150 miles 
long. The zone extends through eastern North Dakota and South 
Dakota, central Nebraska and Kansas, western Oklahoma, into 
northern Texas. From 1935 to July 1, 1940, 14,140 miles of shelter- 
belts were planted under this program. 

The Cooperative Farm Forestry Act, approved May 18, 1937, 
provides for demonstration, extension, and research in farm forestry 
and tree planting. The act provides that the work be initiated 
jointly by the various States and the Federal Government. 

Planting of trees and shrubs is now one of the largest activities of 
the Forest Service in the prairie-plains region, and one in which the 
Soil Conservation Service and other public agencies are making large 
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contributions as well. This activity involves the planting of soil- 
holding trees and shrubs along gullies and on steep and eroded pastures 
or abandoned farm land, as well as the establishment of windbreaks 
and shelterbelts on the level stretches. Such plantings, which in this 
region are for the most part of deciduous species, are requiring many 
millions of trees each year and make strong demands on the forest 
nurseries as wel] as on the speed and efficiency of planting crews. 

In view of the urgent need for information on behalf of these and 
subsequent large planting activities on the prairie-plains, this publica- 
tion attempts to bring together the accumulated experience * of the 
Forest Service in the field of nursery practice for deciduous trees and 
shrubs, especially for the prairie-plains region, including aJl phases of 
propagation, from the collection of the seed to the shipment of the 
trees out of the nursery. This information, it is hoped, will be of wide- 
spread interest to nurserymen, foresters, and game conservationists. 

COLLECTION AND HANDLING OF SEED 

IMPORTANCE OF SEED SOURCE 

The source of seed of a plant is of utmost importance in determin- 
ing the adaptability of the particular strain to its new environment. 
It often has a marked influence on growth rate, yield, form, longevity, 
susceptibility to insect and disease attack, ability to withstand 
extremes of temperature, and on ability to reproduce naturally. 
Years of experience in agronomy and horticulture have shown that 
it is extremely unwise to use seed of unknown origin. To protect the 
buyer, specific laws have been passed by the various State legislatures 
regarding identification of source and variety and declaration of the 
purity and germinability of seed used in ordinary farming practices. 

Although no legislation exists regarding the certification of seeds 
and shrubs used in forest planting and other revegetational work, 
much the same result is accomplished by the statement of seed policy 
approved by Secretary Wallace for the Department of Agriculture in 
June, 1939. This provides that, on its various planting activities, 
only locally produced seed of traceable origin shall be used, if obtain- 
able, and that substitutions shall be confined to seed from localities 
having very similar climate and altitude. Seed lots and nursery 
stock used in forest, shelterbelt, and erosion-control planting on 
projects of the Department shall be accompanied not only by a record 
of such particulars as species and year of collection, but also by proof 
of origin, including the locality and elevation of the place where the 
parent stock grew. 

3 Although many men of the Forest Service have contributed their Knowledge and experience to this 
summary, the work of Assistant Regional Forester D. S. Olson has particularly laid the groundwork for it, 
and his long and successful experience in propagating both hardwoods and conifers deserves special mention. 
In addition, separate contributions were made by Ernest Wright, of the Bureau of Plant Industry; J. A. 
Beal, L. G. Baumhofer, and N. D. Wygant, of the Bureau of Entomology; Harold Haecker and F. E. Gar- 
lough, of the then Bureau of Biological Survey; and I. D. Wood and R. Hilliary, formerly with the Division 
of Engineering, Prairie States Forestry Project. Credit is also due to-the Works Progress Administration 
for help in collecting some of the field data. The facts presented are based largely on field experience of the 
Forest Service in administration of its Prairie States Forestry Project, and on laboratory and field tests 
conducted by its Lake States Forest Experiment Station. 



0 a 

NURSERY PRACTICE FOR PRAIRIE-PLAINS PLANTING D 

Many European countries have established a system of voluntary 
or obligatory certification of tree seed. In their century or more of 
experience in tree planting they have learned the disastrous effects of 
wrong seed source and poor form and vigor of parent trees on the 
progeny. For instance, it has been observed that if the average tem- 
perature of a forest plantation of Scotch pine differs by more than 
2° F. from that of the seed source, the growth rate of the trees in their 
new habitat will be unsatisfactory. It has also been found inadvis- 
able to use seed which has been produced more than 1° of latitude 
(about 70 miles) or more than 300 feet in elevation from the planting 
site. 

In all forest planting work in which trees native to the region are 
being used, the employment of seed from the nearest possible source 
will best guarantee those qualities of hardiness and vigor which make 
for success in the long run. However, in the prairie-plains region, 
where the native species because of sparse rainfall are greatly limited 
in variety, there is always a temptation to use trees creating a more 
novel or variegated appearance or holding the promise of quicker 
erowth or more profitable yield. Most of these promises are false, 
and as a result many failures occur. 

It would seem much wiser for the buyer to depend mostly on pur- 
chases of nursery stock of native origin and include only such exotic 
species as have been introduced long enough that true evaluation of 
their worth has already been made by the Department of Agriculture 
and the various State experiment stations. For this reason, in the 
list of recommended species given in table 1 are included only those 
foreign introductions which have been proved to be adaptable to 
conditions of climate and soil in some portion of the prairie-plains. 
Of these, Russian-olive alone is recommended without reservation 
for all parts of the region. The rest, as well as many of the indigenous 
species, are suited best to that portion indicated roughly by the State 
or States checked in the table. Details on soil adaptability of the 
various species are reported in detail by Hayes and Stoeckeler (15).* 

A minimum program for guidance in collecting tree seed on the 
prairie-plains should incorporate the following: 

1. Zoning of the seed-collection area on a basis of climate. 
2. Limiting collection largely to local seed. 
3. Picking seed only from healthy and vigorous trees of reasonably 

good form. 
4. Keeping a careful permanent record of seed source from time of 

collection through to the field planting, including proper identification 
and labeling of the seed and a record of place and altitude of col- 
lection. 

5. Importation of seed from foreign countries only after giving all 
possible study to the past experience with seed from different foreign 
sources. 

4 Italic numbers in parentheses refer to Literature Cited, p. 155. 
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TaBLE 1.—Species recommended for planting in the prairie-plains region 

Species ! Natural 
range 2 

Medium-to-tall deciduous trees: 
ANlanthwstt s2e2 = = ee eee 

ASD Sprainiet ea eee 
IBoxelder Roms ee oes 
Caltalpa, northern___-__-__-_- 
Coffeetree, Kentucky_____- 
Cottonwood 
ims eAmericana= ee aeae ee 
i mi @ nine semana 
1oilbon, Siloyewyn. 
ack Denny, see see eee 
Hackberry, netleaf________- 
EoneylocuSt== essa eee ee 
Honeylocust, thornless_____ 
IWOOURE, IOMOK! see 
Milbernsy rede eee 
Mulberry, Russian _______- 

Persimmon, common_______ 
Soapberry, western_________ 
Sycamore, American__-_____ 
Walnut black==s= === 
Walnut lexdsmeseeee eee 
IWallowaiwhites= =a 
Willowacolden= seas 

Conifers: 
@yipress; -ATrizonal sees = 
Juniper, Rocky Mountain __ 
Pao JAR POE 
Pine} ponderosa 22s sae ee 
Redeedar, eastern: -_=--- === 
SDEUCE te eae 
Spruce, western white _____ 

Short trees or shrubs: 
iA‘ PTI COGS See Pe eae 
Bladder-senna= 
Buckthorn, Siberian_______ 
Buffaloberry, silver_________ 
@haste-tree} lilac. __-.__-___ 
Chokecherry, common_____ 
Chokecherry, western______ 
Crabasiberlane aan eee 
Currantacoldens aaa ae 
IDeseriwilloweesee eee eee 

Honeysuckle, Tatarian_____ 
JUjU Des eee ee 
Milacieommons==—==aaaaa 
WilaceRersian == 
Maplenehatarian=sss ses 
Nanny Denny ee 
Pea-tree, Siberian__________ 
IPkbhen, Clorolkecein7 oe lo eee ee ne 
Plum, sand 
Plum, American 
Redbud, eastern____._____- 
Russian-olive 
Serviceberry, common_-_-_-_-_|_---___--- 
Skeamalk: [oS eee en ee | ee 
SUMACeSM OO eee | eee 

States in which planting can be reeommended 3 

North 
Dakota 

South 
Dakota 

Nebraska 
Okla- 

s Kansas GT Texas 

XX RRXXX wm 

xx XX XX XX xx AX 

xxx xXX 

xX XK XK AK KX 

1 For scientific names of plants listed see p. 158. 
2 Natural range of species, as regards east to west distribution, extends well into the prairie-plains region, 

and more or less away from streams, unless otherwise indicated by symbol, as follows: E= Extends only 
into edge of the prairie-plains or somewhat further on moist bottom. D=Native only at some distance 
or under quite different temperature and rainfall conditions. I=Not native to North America. 

3S or N=Southern or northern half of State reeommended for planting. 
4 And other western forms. : 
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A SEED ZONING PLAN 

Figure 3 shows a tree-seed zoning plan for the greater portion of the 

prairie-plains, prepared for the guidance of the Forest Service and 

other agencies in tree-planting activities in that area. The importance 

of latitudinal zones lies in the varying length of their growing seasons 

and increasing severity of winter temperatures to the north. 

—O 
| 

(AS AS St 

NN. _NEBRAISKA 

NEW] Pe AX1ei0 

| f—} AGP eNaES 

FigurRE 3.—Seed-collection zones for the Great Plains area (after Bates). 
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Ordinarily, seed should be collected and the progeny planted within 
the same zone. 

Where absolutely necessary, it is considered permissible to move 
seed or stock from one zone to the adjoining zone but no farther, 
except in a few rare cases where altitude or other factors compensate 
for the latitudinal gap. For instance, it is possible to move blue 
spruce safely from the higher western part of zone G or H, to A, or 
to move seed of western white spruce from the Black Hills in western 
South Dakota to lower sites in zone A in the northern half of North 
Dakota. Seed of the native hardwoods on the prairie-plains should be 
collected preferably within 50 to 75 miles of where the trees are to 
be planted. 

As a general rule, using northern seed in the south is not particularly 
dangerous but is likely to give trees of slow growth and poor develop- 
ment or trees which may eventually succumb to drought and heat. 
It may result in frost damage to the new growth if the northern 
stock buds out on the first warm days of spring. When southern seed 
is used too far north, the elimination of the progeny may occur much 
more promptly, since they lack the hardiness and early ripening of 
wood, etc., necessary to withstand the northern winters. 

The danger of the south-to-north movement was illustrated by 
an experiment conducted by the Lake States Forest Experiment 
Station (table 2). Sixty-nine lots of seed of green ash, collected over 
the region from North Dakota to Oklahoma in 1934, were sown in 
northern North Dakota in the spring of 1935. Counts made in the 
fall of 1935 and again in the summer of 1936 to determine overwinter 
survival of the various lots (table 2) indicated extraordinary low 
survival from southernmost seed, despite its very favorable germina- 
tion. It is believed that after a few years the trees from farthest 
south will virtually disappear. It has been found by the Forest 
Service that a northward move of 50 to 100 miles near the northern 
limits of a species’ natural range may result in much more winter 
injury than a similar move near the center of the species’ range. 

TABLE 2.—Overwinter survival of green ash from different latitudes, 
sown in North Dakota 

Seedlings, fall 1935 

Source of seed Lotssown) ——-—| Survival, spring 1936 

Per lot Total 

Number Number Number Numter Percent 
NorthvDakota2 ss os ee: saa oe eee 25 2 294 197 67 
South ako tats tee eee ee meee an eee 12 44 532 330 62 
INebraskasss=sae= ae aee EOE I Dak Re eee eer 21 43 913 438 4s 
KRG SAS Bei Wek no eee CE Mia ties Oe ne 8 30 241 94 39 
Oklahoma ey Cee Ae epee 3 44 132 9 7 

When the same seed lots described above were sown in a Nebraska 
nursery, midway in the range of the entire group, much less difference 
was evident (table 3), although the stock of North Dakota seed again 
survived the severe winter of 1935-36 slightly better than the others. 
Movements from east to west—that is, generally from moister 

to drier climates—appear less harmful but should not be encouraged. 

5 This is a fairly usual experience, although favorable germination is a common excuse for collecting seed 
in the warmer regions. These sowings were expected to produce 500 seedlings each, but most of the seed 
produced in 1934 was of poor quality and this seems to have heen especially true of the North Dakota lots. 
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Most trees seem better able to adapt themselves to a shortage of 
moisture than to temperatures either lower or higher than those to 
which they are accustomed. Also, the effect of early frosts or low 
winter temperatures upon a southern form may not be serious if 
growth is checked by early fall dryness. Wood “ripening” is very 
important in this relation. 

Several sources of seed are available in the prairie-plains region. 
The best source is that provided by the native trees that grow along 
streams and drainage ways, in gulches and draws, on rock outcrops, 
and in sand-dune areas. An additional source is provided by farm 
windbreaks, parks, street trees, and test plantings at various State 
and Federal experiment stations. 

TABLE 3.—Overwinter survival of transplants! in a Nebraska nursery of stock from 
different seed sources 

| Total sur- Suitable for | 

Source : planting, 
vere per lot ? 

| Percent Percent 
Orn OAkOta. == 92 25 oe tek 78 1 
South Dakota____________ See 68 45 

Pea ODTASK A meee se we ed 75 46 
KaAnSash ee ee ees ee 7 36 
Wijahonias. 2.2 2-232 ts Sl 65 22 

i From fall 1935, when transplanted, to fall 1936 when field planted. 
2 This includes all lots and is based on a number of seed which theoretically should have germinated 500 

seedlings in each lot. 

It is considered safest to collect seed from native trees which have, 
in the course of centuries, adapted themselves to the rigorous climate 
of the prairie-plains. Seedlings produced from seed of parent trees 
growing where soil moisture is rather scant may be more uniformly 
drought-hardy than those growing irom seed collected where soils are 
naturally subirrigated. Here again, however, is encountered the 
problem of germination quality, the drier sites generally producing 
fewer good seeds. 

If seed is collected from planted trees or shrubs it is a good policy to 
pick only from individuals growing under dry-land conditions. Seed 
from well-formed, vigorous specimens growing in windbreaks and 
shelterbelts which have received no artificial watering is entirely 
acceptable. Such sources should be depended on for all exotic species 
which have shown adaptability to prairie-plains conditions. This is 
considered better practice than relying on new importations of seed 
whose origin may be entirely different from that of previous lots which 
have been successful here. 

CLASSES OF FRUITS 

To avoid misunderstanding, the following definitions are given of 
terms commonly employed in this discussion of seed. Descriptive 
botanical words not in common use are avoided as far as possible. 

The term ‘‘fruit’’ is used in the botanical sense, not to denote some- 
thing edible, but rather any product resulting from the fertilization 
and subsequent development of a flower, as a bean pod, or a walnut 
or acorn with its covering, as well as an apple, acherry, or astrawberry. 
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The terms ‘“‘dry,” “‘pulpy,” and ‘‘fleshy”’ as applied to fruits cannot 
be employed with any exact meaning but atleast are useful for denoting 
the relative amounts of drying which may be necessary after the fruits 
have matured. 

The term ‘‘drupe’’ denotes a single hard-coated seed (‘‘pit’’ or 
‘“‘stone’’) more or less evenly surrounded by a fleshy or pulpy covering. 
The fruits of the cherry, plum, peach, apricot, hackberry, sumac, 
Russian-olive, and walnut are all drupes within this definition. 

The term ‘‘nut’’ covers a multitude of forms and it is impossible to 
place all so-called nuts in any single classification. 

Although the term “‘berry”’ has a very broad popular meaning, it will 
be used in this discussion to denote drupe-like fruits having more than 
1 seed embedded near the center of the fleshy or pulpy pericarp. The 
fruits of the currant, honeysuckle, and buffaloberry are in this class, 
as are those of most of the junipers. 

A “pome’’ is a fleshy or applelike fruit. The apples and crabs, pear, 
mountain ash, serviceberry, and the hawthorn (‘‘red haw’’) are all 
botanically and structurally similar in having seeds in separate papery 
or leathery compartments, surrounded by a fleshy layer. 

The term ‘‘pod”’ is a loose one but its common usage is so clearly 
associated with dry fruits in which the seeds lhe more or less loosely, 
that it cannot be misunderstood. There are, of course, elongated pods 
like those of the honeylocusts, catalpa, and desertwillow, with which 
we are concerned, as well as more nearly spherical pods like those of the 
Jimsonweed and milkweed. 

A “samara” is a winged fruit of the ash, elm, or maple. In the 
maples only, the fruits consist of two winged seeds joined at the base, 
but each such pair results from a single flower. Pine seeds have wings 
serving the same purpose in distribution as do the wings of samaras. 

A “capsule” is a dry fruit composed of more than one carpel. The 
fruit of cottonwood is an example. 

SEED COLLECTION 

When the seed is being collected, it is not too soon to consider its 
probable viability or germinability. The collector can do much to 
obtain good seed and thereby assurance of high germination by exer- 
cising careful judgment as to maturity. Immature seed is definitely 
of lower keeping quality than well-ripened seed and of lower germinative 
capacity. Seedlings resulting from immature seed are inclined to be 
weak and less likely to come through early life. 

As to the time of collecting, very good rules to follow are these: 
(1) All berries, elm seed, acorns, and the like which fall as soon as 
thoroughly ripe should be collected as near that general falling time as 
possible; (2) seeds which hang on the tree for a considerable time after 
apparent ripening will generally benefit by remaining there as long as 
it is feasible to delay collecting. 

Color of the outer covering is ordinarily considered a reliable indi- 
cator of seed maturity. All species lose the green of the growing period 
and the seed contents change from a soft milky consistency to a firm, 
white or creamy-white kernel. Each fleshy or pulpy fruit, such as 
mulberry, hackberry, plum, and chokecherry, of course, has a typical 
red to purplish color and becomes soft when mature. Dry-fruited 
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species, such as ash, locust, and oak, assume a darker color whenripe, 
although ash and other winged seeds bleach after remaining on the 
tree some time. 
From simple cutting tests may be obtained rough estimates of seed 

maturity before collection and thus the gathering of weeviled, hollow, 
or otherwise defective seed may be avoided. When careful pre- 
examination of the area discloses variation between trees in the quality 
of seed, it may be desirable to make cutting tests on seed of individual 
trees. This is a common-sense economy measure, since the money 
expended on the collection of immature, weeviled, or hollow seeds is 
wasted. A small-size wire nipper or side-cutter is a convenient tool for 
making cutting tests in the field. In judging maturity by means of 
cutting tests, one should note whether the kernel is firm, fills the cavity 
completely, and is of a white or cream color. 

COLLECTING EQUIPMENT AND TECHNIQUE 

The equipment necessary for efficient seed collection varies according 
to the species. For a season’s work over a range of species, the Forest 
Service has found that col- 
lecting crews should, in 
addition to adequate trans- 
portation, be equipped with 
wire nippers or side-cutters 
for field cutting tests and 
other purposes, ladders, 
picking bags, buckets, heavy 
leather gloves (necessary for 
certain thorny species), 
bamboo or light wooden 
poles of various lengths, 
cutting-hooks for detaching 
fruit or cones (fig. 4), sacks, 
tags, twine, ropes, linemen’s 
safety belts, and tarpaulins 
or seed-sheets. Light duck 
(8-ounce) tarpaulins, 14 by 
16 feet, or heavy burlap 
lengths ‘sewed into squares 
of convenient size, are pref- 
erred to heavy tarpaulins 
because they are easier to 
handle, and the seed will not 
bounce off them. 

Collection technique va- 
Figure 4.—A double-hook detacher for cut- 

a ba ae ae epee: ting fruit, cones, or small limbs from trees. 
n general, Wailing, strip- Made from two discarded mower blades 

ping, and shaking onto tar- welded to a flat piece of steel 815 inches 
paulins (fig. 5) are the long. 
preferred practices for 
species growing in planted rows or in groups in open, parklike areas 
where tarpaulins can be spread out and easily moved about beneath 
the trees. Hackberry, black locust, mulberry, and Russian-olive 
are a few of the more common species collected in this manner. 

F 342209 



i 

i eee eee 

12 MISC. PUBLICATION 434, U. S. DEPARTMENT OF AGRICULTURE 

Where this method is impossible because of undergrowth, small- 
fruited species such as choke cherry must be hand-picked before falling. 
Such species as walnut, honeylocust, and Osageorange may be 
gathered from the eround after falling, since the fruit is large and 
easily visible. The winged seed of elm and ash are best collected on 
quiet days in a large, light tarpaulin or square of cheesecloth tied at 
the corners of bamboo poles. This is moved about beneath the trees, 
raised or lowered as the seed is flailed or shaken down. Sweeping elm 
seeds from pavements is a common commercial method of obtaining 
this species at low cost but only commendable when all the parent 
trees are desirable specimens. 

Some species must be watched closely to determine exactly the right 
time for collection. The seed of some species, notably elm and Sibe- 
rian pea-tree, falls as soon as ripe and must be collected immediately 
upon maturation. Seed of certain other species, although retained, is 
relished by rodents and birds and can only be salvaged by careful 
watching and prompt collections. 

A number of deciduous species do not develop their fruits evenly, 
and at certain periods these may be found in all stages from green to 
ripe. An outstanding example in the prairie-plains region is the 
Russian mulberry, from which repeated collections every few days are 
desirable, over a period of 2 to 3 weeks. The ripe fruit may be 
gathered by lightly shaking the branches at each visit. 

Other species which ripen unevenly but somewhat more promptly 
are honeysuckle, plum, and chokecherry. Where one collection is to 
be made in a given locality, it is best to delay until the bulk of the 
fruit bas ripened fairly well, even though a part of the earlier-ripening 
fruit may be lost. Too early collection may result in the gathering of 
a large amount of unripe fruit. 

For species that hold their seed into the winter, collection costs can 
be lowered considerably by delaying gathering until after the leaves 
have fallen, at which time the seed is easily visible and is also more 
readily detached or shaken loose. Kentucky coffeetree, hackberry, 
soapberry, black locust, and green ash are among those that may be 
handled in this manner. 

Provident nurserymen make a practice of collecting a consider- 
able surplus in good seed years and carrying it over for use in years of 
partial or complete failure. 

All seed crops are variable in quantity and quality from year to year, 
just as field crops are, but sometimes for different reasons. Certain 
species such as hackberry, Siberian pea-tree, ponderosa pine, and red- 
cedar produce very light seed crops in some years and the cost of 
collection may then be 5 to 10 times as high as in good seed years; 
or the seed crop may fail entirely. Consequently, it 1s a good policy 
to carry over a surplus of seed as insurance against crop failure and 
for the maintenance of a uniform nursery production schedule. 

In the case of species which are usually fall sown, an additional 
reason for carrying over a surplus of seed is the fact that it is often 
impossible to collect and extract such seed early enough to sow much 
of it the same year. Hackberry and redcedar are examples of such 
species, 



NURSERY PRACTICE FOR PRAIRIE-PLAINS PLANTING 13 

FigtrRE 5.—Collecting eastern redcedar berries by stripping onto tarpaulin, 
Nebraska. 

CARE OF FRESH SEED 

Few seeds are dry enough to be stored, even in piles, immediaetly 
after collection, except for those species which become dry on the tree. 
Care of seed immediately after collection and before it can be extracted 
is, therefore, of the utmost importance. In handling newly collected 
seed of most species, adequate aeration ina dry atmosphere is essential. 
A safe procedure, if it is not possible to extract the seed immediately, 
is to spread the freshly gathered fruit in a thin layer in the open, 
stirring and shoveling occasionally, for several days following collec- 
tion. After drying, the fruit can be stored temporazily while awaiting 
extraction. 

It has been found that freshly gathered fruits of practically all 
deciduous species will heat if piled or sacked and left undisturbed for 
some time, and any appreciable amount of such heating is almost 
certain to destroy the usefulness of the seed. Elm seed has been 
observed to heat in an hour. All pulpy-fruited species and practically 
all dry-fruited species require close observation and care, if at all 
moist when collected. At the same time, these forms should never be 
allowed to dry excessively. Pulpy-fruited species heat more readily 
if crushed in handling. 

SEED EXTRACTION AND DRYING 

The extraction of seed from a wide range of deciduous tree species 
presents more varied and difficult problems than extraction of conifer 
seed. In connection with its Prairie States Forestry Project, the 
Forest Service has tried numerous extraction methods and techniques. 
Certain procedures and equipment have been developed which give 
uniformly good results, together with economical performance. 
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For cleaning seed it is desirable to select a few capable men and keep 
them at it steadily rather than to extract the seed with any available 
help as fast as it is collected. More seed will be cleaned and a better 
job accomplished as the men become trained in the work. Cleaning 
immediately the fruits with soft, juicy pulp which spoil quickly, and 
delaying the extraction of seeds which can remain for some time in 
the fruit or pods without harm, will permit spreading this work 
throughout the season without injury to the seed. It should be realized 
that even the drier fruits cannot be left for long in a poorly ventilated 
building without increasing the danger of loss through molding 
and decay. 

Length of fermentation period of the fleshy fruits of mulberry, 
buffaloberry, and chokecherry influences the amount and speed of 
germination. In a series of tests by Carl Taylor of the Prairie States 
Forestry Project it was found that seed from mulberry fruit, fermented 
in water from 24 to 48 hours, showed a decidedly higher and more 
rapid germination than that.unfermented. Further fermentation 
beyond the 2-day period markedly decreased the amount and speed 
of germination and 4 days of fermentation caused complete loss of 
viability. The same trend occurred in buffaloberry although the 
optimum fermentation period extended up to 4 days. The chokecherry 
showed some slight improvement in germination from fermentation 
up to 4 days, although this length of fermentation in deep containers 
pickled the pulp, rendering extraction more difficult. 

Although Taylor’s tests indicate that a limited fermentation of 
pulpy fruits before extraction is beneficial to germination, for safety 
it seems advisable to hold fermentation during extraction to a mini- 
mum. It probably should not be permitted at all if the seed is to be 
held for a long period in dry storage. 

METHODS OF EXTRACTION 

An effective extractory should contain ample floor space, should be 
provided with running water, floor drains, and electricity, and should 
be insulated and heated to permit winter work. A _ cold-storage 
chamber for stratifying and storing seed will also prove essential 
where these processes are to be conducted on a large scale. 

Standard equipment at an extractory should include several dust- 
proof electric motors—preferably %, %, and 1 hp.—seed macerator, 
seed scarifier, rotary drier, two large fans, fanning mill, tanks and 
barrels, stratification boxes, and containers for storage of seed. Of 
necessity there will also be considerable miscellaneous equipment. 

In this connection it should be mentioned that seed can be safely 
extracted with very little equipment provided more labor is used in 
the process. Large quantities of seed have been extracted with such 
simple equipment as a few lengths of 4- to 6-mesh hardware cloth 
through which the fruit is rubbed, and a few buckets or barrels to 
serve as containers. <A plentiful water supply for washing and floating 
off pulp is, of course, essential. 

The macerator developed for seed extraction by the Forest Service, 
when used in conjunction with a fanning mill, extracts rapidly and 
cheaply the seed of most deciduous species, as well as juniper seed. 
It is of all-metal construction and built on the principle of a threshing 
machine with cylinder and concaves. 
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The macerator can be used either for the threshing of dry-fruited 

species such as Kentucky coffeetree, honeylocust, and black locust 

(fig. 6, A) or for macerating fleshy- and pulpy-fruited species such as 

mulberry, chokecherry, Osageorange, redcedar, American plum, and 
various others (fig. 6, B). Some species such as ash are threshed dry 
in order to separate the clusters of seed. The size of the discharge 
opening is controlled by a metal slide, with which the operator regu- 
lates the rate at which the material passes through the machine. 

For a number of the pulpy-fruited species, notably Russian-olive 
and redcedar, the machine can be used first to thresh the fruit from 
the leaves and twigs by running the machine at a rather high speed 

FiGgurRE 6.—A, Threshing Russian-olive seed in especially constructed macerator, 
seed warehouse, Fremont, Nebr. B, Macerating Osageorange. 

with the discharge slide wide open (fig. 6, A) and then for separating 
the seed from the pulp by closing down the discharge opening and 
decreasing the speed. In extracting pulpy-fruited species, water is 
added through the hose attachment and serves to wash the pulp and 
seed through the discharge opening after proper maceration. 

The capacity of the macerator is governed by the length of the 
cylinder. Macerators now in use have cylinder lengths of 12 and 18 
inches. For an all-purpose machine, one with '-inch teeth clearance 
has proved satisfactory since it will handle the small as well as the 
large seeds; but in order to clean seeds of all sizes to best advantage it 
is desirable to have a second machine with *%-inch clearance for the 
smaller seeds.® 

A good power unit for operating this machine is a 1-hp. electric 
motor, although small gasoline engines are equally satisfactory. 

6 A macerator in use at the Southern Great Plains Field Station of the Bureau of Plant Industry, at Wood- 
ward, Okla., is equipped with an adjustable macerating plate so regulated that different clearance widths 
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The cylinder speed is controlled by the graduated V-pulleys permitting 
speeds from approximately 400 to 1,700 r. p. m. It has been found 
that optimum operating speed for greatest effectiveness varies con- 
siderably for the different species. As reported by Carl Taylor, 
capacities of the macerator are as follows: For a machine having a 
cylinder 12 inches long with teeth spaced at %-inch clearance, the usual 
run of chokecherry is 2,000 to 2,500 pounds of the fruit per day, 
depending on the condition of the fruit. For redcedar, which is more 
gummy, 1,000 to 1,500 pounds is a good day’s run. The machine can 
depulp from 2,000 to 3,000 pounds (dry-weight basis) of Russian-olive » 
seed which has been previously soaked, or 1,000 pounds of buffalo- 
berries in a day. A similar machine with an 18-inch cylinder and 
44-inch clearance depulps 4,000 to 5,000 pounds of plums per day. 
Pro-rating the plum cleaning over the entire crew, washing, fanning, 
and other handling, the output is 950 pounds of fruit per man-day, 
and the total cleaning cost 15 cents per bushel of fruit, or 24 cents per 
pound of clean, dry seed. The speed of threshing varies considerably 
with the dryness of the material and the proportion of leaves and 
brush. The 1935 Russian-olive crop threshed around 2 to 4 tons per 
day. Honeylocust pods, if reasonably dry, thresh out fast enough so 
that the yield of clean seed is 400 to 600 pounds per day, but if the 
pods are well broken up by tramping before they are put through, an 
output of 1,100 to 1,500 pounds of clean seed is possible. 

In addition to the macerator, other implements have been used with 
good results in tree-seed extraction work, among which the more suc- 
cessful are the old-fashioned restaurant potato peeler, food choppers, 
concrete mixers, hammer mills, feed grinders, and grain threshers. 
Usually it will be found that such implements work exceptionally wel] 
for one or two species but cannot be made to perform successfully 
over a wide range of species. 

Following the macerating process, further cleaning of the seed is 
necessary. For dry-fruited species such as ash and locust, the wings, 
hulls, and other debris are removed by running the seed through a 
fanning mill. For a few species like Osageorange, washing the seeds 
through screens to separate the heavy, larger pieces of pulp is helpful, 
if done previous to floating off the pulp. In a number of other pulpy 
species, washing through screens, followed by drying and fanning, 
will complete the extraction. The tiny seeds of serviceberry are 
more difficult to separate from the pulp and fully clean by any process. 

Where there is a considerable differential in weight, light seed can 
be separated from well-filled seed of similar size by means of a fanning 
mill. This will be most effective with seed having thick, bony 
coverings. 

Seed of the fleshy-fruited species can usually be separated from the 
remnants of the pulp and from light seed by flotation. This method 
is based on variation in buoyancy under agitation in water. Good 
sound seed is ordinarily quite heavy and will quickly sink to the 
bottom, whereas pulp and poor seed will either float or settle more 
slowly after being put in suspension. A quantity of the macerated 
material is placed in a slightly tilted large wash tub into which a 
stream of water from a garden hose is directed at such an angle as to 
create a rotary swirl and a lifting effect upon the material. Slight 
stirring of the material in the bottom of the tub is-also necessary. 
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The pulp and light seed will be brought to the surface and spill over the 
edge of the tub as the water overflows. With some experience, this 
simple technique is quite effective. 

SEED DRIER 

A rotary seed drier developed by the Forest Service is a convenient 
aid in drying seed following extraction, especially during winter 
months, when outside air drying is not feasible and inside drying space 
is limited. The drier (fig. 7) consists of a screen-wire cylinder 32 
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FIGURE 7.—Rotary seed drier with power hook-up. 

inches in diameter and 32 inches long with wooden ends of }-inch 
lumber. The three 1- by 3-inch baffle boards, equally spaced within 
the periphery of the cylinder, pick up the seed as the drum revolves 
and slowly spill it in a thin stream as each baffle reaches the highest 
point. Warm air from a heater, forced through the revolving cylinder 
by an electric fan, hastens the evaporation of moisture from the seed. 
The optimum speed for the cylinder is 12 to 15 r. p. m. 

This machine dried 20 pounds of redcedar seed in one hour’s opera- 
tion, whereas the seed of the same quality placed on screen wire trays 
dried only slightly after a week’s exposure in the same room. There 
is danger, however, in too rapid or excessive drying. This is brought 
out in connection with dry storage. 

EXTRACTION FACTOR 

Considerable loss in weight generally occurs from drying and from 
the removal of pulp, pods, twigs, and other debris. Very seldom will 
the extracted weight of good haa approach the collecting weight. 
ty a 
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The extraction factor, or the weight percent of good seed obtained, is 
essential in computing in advance the quantity of fruit which must be 
collected to obtain a given weight of dry, clean seed. Factors for 
different species, computed from records which the Forest Service has 
maintained and assembled over several years, are given in table 6, 
page 34. 

STORAGE AND AFTERRIPENING OF SEED 

Seed collected in the fall may receive any of the following treat- 
ments, which should govern in a large measure the final cleaning 
processes, especially the degree of drying to which it is subjected: 

1. The seed may be sown immediately or within a few weeks; 
whereupon such prompt-germinating seed as Siberian pea-tree may 
make a small amount of growth at once, but those species which are 
necessarily sown late in the fall or must have a definite period of 
afterripening will lie dormant over the winter. Afterripening is 
almost invariably associated with exposure to at least a moderate 
degree of cold; but freezing is an unavoidable, rather than a necessary 
part of the process. 

2. The seed may be kept only over winter in a shed with dry air 
and a wide range of temperature, in a cold-storage room in sacks or 
bins, or stratified in peat, sand, or other damp medium, either outdoors, 
in a cellar, or in regulated cold storage. For none of these methods 
is severe preliminary drying necessary, and with some seed it is both 
useless and detrimental. One must be certain, however, that low 
temperatures govern from the start, since under even mild tempera- 
tures freshly treated seed may sweat considerably in sacks, bins, or 
other mass storage, and mold and spoil very quickly. If the seed is 
properly protected and then sown early in the spring, the low tem- 
peratures will be sufficient guarantee against spoilage. 

3. The seed may be set aside for fall sowing after approximately a 
year, or for insurance against seed-crop failures within several years. 
Any seed which has to be kept over a summer must be treated as for 
longer storage, and it is for this kind of storage that special. precautions 
must be applied at the time of extraction. However, there are many 
species which cannot be kept for any great length of time, and those 
which are known not to be long-lived must be handled with especial 
care if any large proportion is to remain germinable after a year or 
more. 

THE KEEPING QUALITY OF SEED 

Much is yet to be learned, in most cases, as to the length of time the 
seed of deciduous species will retain its viability under the best storage 
conditions. No comprehensive study covering the range of species 
has yet been made. Toumey (38) reports no germination of mulberry 
and 21 percent germination of black locust seed stored 10 years at 
room temperature in unsealed glass jars. Giersbach and Crocker (13) 
report that American (‘‘wild’’) plum seed stored in a laboratory cup- 
board improved in germination up to 26 to 30 months and retained 
more than half their viability up to 46 months. Seed stored at 45° to 
50° F. retained good germinating capacity after 53 months of storage. 
Among nurserymen in the prairie-plains region it is general knowl- 

edge that seed of the legumes, green ash, boxelder, and hackberry will 
keep in storage at ordinary variable temperatures for 2 or more years. 
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Others, notably elm and depulped chokecherry seed, lose their 
viability rapidly and will generally produce little or no germination at 
the end of a year. Some success has been attained in maintaining a 
fair degree of viability in American elm seed for 1 year by holding it 
close to the freezing point after very careful drying (34). 

George (12) reports that thoroughly dried American elm seed was 
successfully stored for 10.5 months in both open and closed containers. 
These lots gave 77 and 79 percent germination respectively. 
Norman Devick, of the Forest Service, from a similar test at James- 

town, N. Dak., reports 12.5 percent germination of American elm seed 
stored dry for 11 months in burlap bags; 11 percent when stored in 
sealed cans under the roof of a warehouse; and 26 percent in sealed 
cans buried 1.5 feet underground. A portion of the first two lots was 
dewinged by beating the sacks against a brick wall before placing the 
seed in storage. Germination on the dewinged lots was 0.5 and 21.0 
percent respectively for the burlap bags and sealed containers. It 
appears that if stored seed is to be dewinged to facilitate machine 
sowing, the dewinging process should be delayed until just before 
sowing of the seed. 

E. 1. Roe, of the Lake States station, has obtained a 67 percent 
germination on seed of Siberian elm which had been thoroughly dried 
and stored in airtight tin containers for 4 years at 41° F. 

Because of the fact that very few experiments have been made 
which give a basis for an exact procedure in treating seeds, it is 
necessary to fall back on general experience and to formulate some 
general rules from a few cases in which the information is most 
complete. 

Broadly speaking, the degree of drying which seed will tolerate, 
and which in itself determines or at least indicates how long the 
vitality will remain in seed, must be gaged by the characteristics of 
the particular type of seed under natural conditions. Thus, seed 
which fall to the ground as soon as ripe and either germinate imme- 
diately (if early) or normally lie on sheltered ground or in litter, will 
tolerate very little drying and will be difficult to preserve in a viable 
condition. With possibly few exceptions among the drupaceous fruits 
and berries, those forms which normally adhere to the tree well into 
the winter, or in some cases much longer, are accustomed to being 
severely dried and can be preserved. Longevity may, however, vary 
from 2 to 50 years, the maximum period occurring only when an ideal 
condition of storage has been found. 

The reason for this close relation between drying tolerance and 
longevity is that all living seed respire, and in so doing consume the 
foods which are within or immediately available to the “germ” or 
embryo. Respiration can be checked to a very low point by dryness 
and by low temperatures, and the consumption of vital foods be thus 
slowed down; but it is not known with certainty whether this process 
can be completely stopped without killing the embryo. The extent 
to which drying can be safely employed depends on the protoplasm 
within the germ cells. It is undoubtedly possible for certain forms of 
protoplasm to be very severely dried without coagulation and death; 
while other forms (as in young, growing tissues of nearly all plants) 
will not tolerate a low moisture content. | 

A seed is a dormant form of a plant; but as in the case of the sleeping 
or hibernating animal, this does not mean complete cessation of the 
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life processes. In brief, seed vary in the degree to which they can be 
put to sleep. Insofar as this condition is caused by drying, it should 
be referred to as induced dormancy. In many cases this causes 
changes which are difficult to reverse. 

The seed of green ash, for example, is certainly mature enough by 
the time it becomes reasonably dry on the tree and will germinate in 
a relatively short time if placed in warm, moist soil. Although the 
species does have some embryo dormancy, it does not have it in the 
degree that junipers and similar species have. Yet, if seed of green 
ash is stored for several years and becomes quite dry, the seed coat 
becomes so impervious to moisture as to require water-soaking for 
about 2 weeks before it will germinate. But it will then germinate 
only slightly less freely than the fresh seed. Thus, dormancy may be 
induced to the point where revival becomes a matter of some difficulty 
and yet after at least 3 or 4 years of such dormancy the seed suffers no 
serious loss in viability. 

The more sensitive types of seed that require storage over winter 
can withstand little induced dormancy. They must be stored in the 
presence of some moisture and with temperatures below 40° F., and 
the dormancy they undergo, insofar as it differs from the inherent 
dormancy discussed later, corresponds with the winter dormancy of 
all kinds of woody plants and of the roots of perennials, in which 
severe drying of the tissues is likely to be fatal. It is not known how 
long this type of dormancy can be maintained in seed, but probably 
not more than a few months, since even at 40°, with ample moisture, 
respiration will proceed at a moderate rate. 

Afterripening is not quite the same process in different types of 
seed. Some seed are ready to germinate as soon as they have com- 
pleted their growth and usually have exchanged their green coloring 
matter for something of a ruddy hue. Others will not be ready for 
many months, and it is unquestioned that during this period certain 
chemical changes occur which represent a continuation of the ripening 
process. These changes are accompanied by the slow exclusion or 
occlusion of moisture, the latter implying that the moisture is used 
and combined within the seed. They may or may not depend on the 
eradual lowering of temperatures in the autumn. 

The first practical bearing of these facts is that the afterripening of 
seed may be prevented and the seed germination at a later date made 
slower or more difficult if artificial drying is too severe or applied too 
soon after picking. Second, seed put away early, which may still be 
under compulsion to sweat out some moisture, if kept in a poorly 
ventilated mass at temperatures above 40° F., may be subject to 
molding and heating. It would hardly be possible to overemphasize 
the desirability of maintaining the natural routine of seed ripening as 
closely as possible when handling and storing seed in large quantities. 

COLD STORAGE 

All of the above considerations lead to the following precautions 
and procedures to be employed wherever there is any question as to 
just what degree of treatment a given kind of seed will tolerate without 
injury: 

Do not dry seed too fast, too long, or at high temperatures. Drying 
under a current of moderately warm air is safer than drying in still 
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air at temperatures sufficiently higher to effect approximately the 
same rate of drying. A draft of air is somewhat cooling and affects 
the seed more superficially than drying at high temperatures. 

Assuming the seed is to be put away somewhat moist, a temperature 
below 40° F. is highly desirable, and in the early fall this almost 
certainly requires cold storage. 

Where seed is certain to be used the following spring, and stratifica- 
tion over winter is the easiest method for disposing of it, the tempera- 
ture of the medium should be not higher than 50° F. at the start, 
with prospect of early lower temperatures. In short, even with types 
of seed which commonly require afterripening, a few seeds are likely 
to germinate in the early period of stratification if the temperature is 
5Oo or more: 

Cold storage in a moist atmosphere below 40° F. will fully care for 
seed which sprouts readily in the fall even at moderately low tem- 
peratures, and will equally well preserve elm seed. Also, even the 
seed which is better off in a very dry condition will not deteriorate 
appreciably in cold storage for some time. Cold storage can be de- 
pended on to preserve stony seed which do not tolerate any serious 
drying, and at the same time to “‘crack’’ them in readiness for ger- 
mination. 

DRY STORAGE 

At the other extreme, it is well to consider what it is possible to do 
with seed which tolerate a very dry condition. Lodgepole pine 
seed, after being reasonably dried in the course of extraction, were 
further dried in a stream of air at 170° F. for 4 hours without the 
slightest injury and with actua: improvement of keeping qualities, 
according to the experiments of Bates (/). 

Other forms of severe drying have been used, holding pine seeds 
in atmospheres of 20 to 40 percent relative humidity as long as any 
loss of moisture was evident. Norway pine seed tolerated 20 percent 
relative humidity, with a reduction of the moisture of the seed to 3 or 4 
percent. White pine is probably injured by drying to that degree and 
may be better preserved at 6 to 7 percent of its own weight in moisture. 

Red and white pine stand about 150° and 120° F., respectively, for 
periods of 8 to 10 hours in the kiln without serious loss of viability. 

It seems probable that nearly all leguminous seed will tolerate at 
least the degree of drying recommended for white pine. While these 
seed appear to dry adequately in ordinary air as they ripen, and to 
maintain vitality for years, experience to date indicates that more 
perfect preservation can be attained through slightly greater drying 
and sealed storage. 

If seed can be put away in sealed containers with very low moisture 
contents such as indicated above, they may be kept for a long time at 
any moderate temperature, or still better at low temperatures. A 
desiccant such as calcium chloride or charcoal can be placed in the 
can to reduce still further the moisture content of the seed. 

High temperatures, such as occur under room conditions or in 
sheds in the summer, are dangerous to seed not entirely because they 
induce increased respiration but also because they cause spoilage of 
fatty materials. Seed containing much food stored in the form of 
fats and oils are especially susceptible to decomposition if exposed to 
high temperatures for a considerable period. 
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Cellars in which temperatures do not vary greatly between winter 
and summer, or at least do not reach a high point in summer, would be 
reasonably satisfactory for maintaining the vitality of seed, were it 
not that humidity is usually quite high in cellars. It is useless to dry 
seed to an equivalent of 30 to 40 percent relative humidity if they 
are later to be exposed in the slightest degree to humid atmosphere. 
Sealed containers are essential, but that term can hardly be applied 
with propriety to anything except metal cans with all seams soldered, 
or glass jars or bottles with ground stoppers. Neither corks nor 
rubber gaskets can be fully depended on to exclude atmospheric 
moisture, which dry seed will absorb with great avidity if there is any 
leakage whatever. 

Summarizing, for seed which can be thoroughly dried and which 
it is necessary and desirable to store for periods of 1 to several years: 

1. Storage in sealed containers at low temperatures of 33° to 40° F. 
after full drying is most desirable. Somewhat higher temperatures 
are not harmful but are not as desirable. 

2. If sealed containers cannot be employed, the constant low 
temperatures of a cold-storage plant offer best protection despite 
fairly high humidity. Ice-cooled plants are likely to be too moist. 

3. If neither containers nor cold storage can be had, a well-venti- 
lated, thoroughly dry building should be.used. High temperatures 
occurring in poorly ventilated lofts or attics should be avoided. A 
north, second-story room, sealed off from the roof, is best. 

4. Fatty seed, such as most pines and many nuts, should not be 
exposed to temperatures above 80° F. 

TREATMENTS TO STIMULATE GERMINATION 

Nurserymen in the prairie-plains region have definitely come to 
the conclusion that any seed treatment that will shorten the germinat- 
ing period after sowing is helpful, since this period is the most critical 
of the entire nursery season. The shorter it can be made, the less 
danger there will be of losses from heat, damping-off, drying, crust 
formation, and other ills that beset the seedling during the germinating 
period. An additional advantage of a short germination period is 
that the stock produced is of a more uniform size and fewer cull 
seedlings result. Furthermore, the proper treatment of the seed will 
give a much higher percent of germination. 

THE PROBLEM OF SEED DORMANCY 

Any difficulty arising from the need for afterripening or pregermina- 
tion treatment of seed is most readily overcome by fall sowing, when 
this is feasible and when it is known the seed will not spoil or become 
active before cold weather. As has already been indicated, for seed 
which are known to require a long exposure to moisture, including the 
afterripening period, stratification over winter is best, or at least next 
best to fall sowing in the nursery. 3 

It is very difficult to draw a sharp line between processes which 
have already been referred to as afterripening, or completion of the 
ripening process, and those which are necessary as a preliminary to 
germination and which, in the artificial handling of seed, are referred 
to as pregermination treatment. The one sort merges into the other. 
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Under natural processes, it would probably be safe to say that 
anything which occurs in the seed after it falls to the ground in the 
autumn, or through the winter while the ground remains frozen, is 
afterripening, while with thawing, and in the presence of abundant 
moisture, the seed moves definitely toward germination, the more 
rapidly as temperatures rise. However, this is not always the case, 
since some seed, like those of the junipers, do not germinate the first 
spring or summer with any certainty. It then is decidedly doubtful 
what degree of exposure makes it possible for the seed to germinate 
during the second spring. 

It is probable, however, that by simulating somewhat closely the 
temperature-moisture cycle of a single over-winter period, most seed 
which show any dormancy or difficulty in germination can be brought 
through satisfactorily. But, as has been pointed out, freezing is 
rarely if ever a necessary step in the procedure. Temperatures from 
32° to 40° F. accomplish the same ends. 

Some investigators recognize a number of types of dormancy but 
three types are certainly by far the most common. All of these are 
inherent within the seed. They are: (1) Seed coats which prevent or 
delay the intake of water or restrict exchange of gases; (2) dormant 
embryo; and (3) combination of impermeable seed coat and dormant 
embryo. A fourth type of dormancy is found in a few species. This 
is caused by lack of complete development of the embryo at the time 
the seed falls and necessitates additional time after seed collection in 
which to obtain full development of the embryo. Seed of the genus 
Gingko are in this class. 

The type of dormancy determines the germination treatment. 
Impermeable seed coats can in a relatively short time be rendered 
permeable by acid or mechanical scarification, or by soaking in hot 
water. Seed which have only a slight amount of seed-coat dormancy 
often respond to soaking in cold water. The type of dormancy and 
the best known pretreatment for seed of about 50 species of trees 
and shrubs are given in table 6. 

For seed possessing a dormant embryo, a substantial rest period is 
necessary, varying in length with the species. Since low temperature 
and a modicum of moisture that does not prevent aeration or respira- 
tion are essential for certain obscure chemical changes taking place 
at this time, stratification in a moist medium at about 40° F. is usually 
employed, until sowing in the nursery is possible. The same treat- 
ment is generally effective for seed possessing both an impermeable 
seed coat and a dormant embryo. Difficulties are increased, however, 
if stratified seed becomes too warm and begins to sprout before 
sowing. Practically all stony-coated seeds and nuts require 60 days 
or more of stratification. 

Fall sowing will, under favorable conditions, effectively break the 
embryo dormancy or the combination of impermeable seed-coat and 
embryo dormancy, but it is not recommended for seed in which 
dormancy is caused by an impermeable seed coat alone, unless uniform 
moisture conditions can be assured. Such seed, which do not require 
a long low-temperature treatment, are bladder-senna, smooth sumac, 
skunk bush, ash, and sycamore (decidedly dependent on degree of 
previous drying), all of the legumes (Siberian pea-tree, honeylocust, 
black locust, redbud, and coffeetree), persimmon, soapberry, lilac, 
and Osageorange. 
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A few seeds with papery coats, like desertwillow and catalpa, ailan- 
thus, and the elms, absorb moisture readily but may be helped by a 
little soaking before spring sowing. 

METHODS OF SEED STRATIFICATION 

Stratification is accomplished best by holding the seed for the 
required period in a moist medium at a low temperature. For most 
species the best temperature is about 40° F., and stratification is best 
accomplished in cold-stcrage chambers where the temperature can be 
held close to that point. 

Sand, peat, or a mixture of the two are commonly used by commer- 
cial and Government nurseries for stratification of seed. The facilities 
available and condition of the seed—whether depulped or not de- 
pulped—will determine the best medium to use. In instances where 
no temperature control is available, or if the seed retains its pulp, pure 
washed sand is the safest, although unwashed sand has been used with 
satisfactory results. Where temperature control is available, and 
where the seed is free from pulp, pure granulated horticultural peat 
obtained from acid spruce swamps or a 1 to 1 mixture of sand and 
peat will give better results than sand. Peat is favored over sand 
because its light weight, moisture-retaining capacity, and texture 
facilitate handling, make the addition of water unnecessary during the 
stratification period, and afford better aeration for the seed. For 
seed retaining their pulp or where no temperature control is possible, 
difficulty has been experienced with peat because of heating, and it is 
necessary to use sand. 

The moisture content of the peat or the mixture of peat and sand 
used as a stratification medium should be such that no water can be 
squeezed out by closing the hand firmly on a small quantity. Where 
the proper moisture content in peat mediums is achieved at the start 
of the stratification period, it is usually maintained evenly for the 
duration of the stratification period without further watering. When 
sand alone is used, it should not be saturated but the moisture content 
should be such that when a handful is picked up and compressed it will 
hold its shape without crumbling. It is difficult to maintain a uniform 
moisture content in sand since the moisture tends to drain to the bottom 
causing a sogey condition in the lower portions of the mass and 
leaving the top too dry. 

The correct proportion of seed in the stratification medium will vary 
according to the size of the seed. A safe rule to follow is that the seed 
and the medium should be thoroughly mixed and each seed should be 
practically isolated. The volume of the medium may be somewhat 
less than that of the seed, but generally more satisfactory results and 
greater safety will be assured by using a liberal quantity of the medium. 
If practicable the stratified seed should be shoveled over at 10-day to 
2-week intervals, assuring more uniform stratification through better 
aeration. This process is especially important where sand is the 
medium, since only in this way can the moisture content be evenly 
maintained throughout. 

Small or moderate-sized containers such as boxes, barrels, or ice- 
freezing containers (fig. 8) are preferable to large ones in stratifying 
seed of the smaller sizes. Large boxes or bins have not proved as 
satisfactory as metal containers because of the difficulty in maintain- 
ing uniform moisture and temperature throughout the entire volume. 
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Where a longer period of stratification is possible, especially for seed 
occupying great space, such as walnuts and acorns, larger containers 
or pits placed out-of-doors may be used. Stratification out-of-doors 
must be maintained longer than the periods required indoors, and 
below-freezing temperatures should not be permitted for the whole 
period. Moisture absorption and chemical changes in the seed 
practically cease while the seed is in a frozen condition. It is, there- 
fore, customary to make pits reasonably deep and to insulate them 
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FIGURE 8.—Seed in stratification in ice-freezing containers. 

against a constant frozen condition during the whole winter by using 
straw or other mulch over the top of the mounded earth. 

Considerable variation exists in the length of the stratification 
period required by the different species and even for different seed lots 
within the species. The degree of dryness, previous storage method, 
and age of seed are the important factors involved. Nurserymen and 
seed investigators have, however, arrived at the fairly definite average 
durations for most species, which will be presented later on. 

It has been observed frequently in some species possessing the com- 
bination type of dormancy, such as plum and chokecherry, that in a 
short time the seed will be pitted, 1. e., the seed coat will split open 
leaving the embryo exposed. This, however, does not mean that the 
seed is ready to germinate, and longer stratification must usually be 
employed to break the embryo dormancy. 

Seed of some species, such as plum, chokecherry, Russian-olive, and 
lilac, may sprout in stratification as spring approaches, even though 
the temperature has risen very little above 40° F. Frequent inspection 
of stratified seed is therefore necessary, and if sprouting is observed 
the medium should be placed in colder storage and so maintained 
until the seed can be sown. 

Stratified seed ready for sowing is highly sensitive and is readily 
susceptible to injury, especially through drying. Extreme caution is 
necessary in the spring when removing the seed for sowing, to guard 
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against drying out or heating. The medium and seed are separated 
before sowing largely to make the seed easier to handle in drill sowers. 
When the seed is larger than the particles of the stratifying medium, 
separation is successfully accomplished by shaking the mixture over 
wire-mesh screens or washing it through the screens. When the seed 
are small and about the same size as the medium, difficulty is en- 
countered in attempting to separate the two, and it may be necessary 
to sow the seed by hand without separating it from the stratifying 
medium. Sowing unseparated seed by hand may be advisable on 
other occasions also, since no mechanical seeder has been developed 
that is suitable for sowing all deciduous species. In these instances, a 
knowledge of relative weights of stratifying medium and seed will aid 
in determining how much of the mixture to sow per lineal foot of row 
for the desired density. 

ACID SCARIFICATION 

Acid scarification, or a method by which impermeable seed coats 
are etched or pitted by acid, succeeds best and is preferred practice 
on such leguminous species as honeylocust, black locust, Kentucky 
coffeetree, redbud, and bladder-senna. It can also be used as an 
emergency though not a preferred treatment for a number of other 
species having impermeable seed coats (26). 

Concentrated commercial sulfuric acid with a specific gravity of 
1.84, undiluted, is recommended for this purpose. Length of treat- 
ment varies from 20 minutes to 4 hours for the different species, 
generally with some variation for different seed lots of the same species, 
depending largely upon age and the degree of drying the seed has 
undergone. It is a wise precaution to run preliminary tests to deter- 
mine the minimum treatment to which the particular lot of seed will 
respond. Efficiency of the treatment is determined by the percent 
of seed which swell after being rinsed and placed in cold water for 1 
or 2 days. 

Before treating with acid, the seed should be thoroughly air-dried 
to avoid injury from excess heat generated when the acid absorbs 
water. There is less danger of excessive heating if the seed is treated 
in comparatively small lots. While undergoing treatment, the seed 
should be stirred frequently. 

Glazed porcelain crocks or wooden tubs are the preferred containers 
for treating seed in acid. Wooden tubs become charred on the inside 
and last for some time. Most metal continers are corroded by the acid 
but if lined with paraffin, asphalt, or lead may be used without diffi- 
culty. Containers in which treatment is given, or in which acid is 
stored, should be kept free from extraneous matter, especially other 
chemicals, and should be plainly labeled. 

Acid may be recovered and, although brown and sirupy, may be 
used repeatedly, but there will be considerable shrinkage in volume, 
largely because the acid adheres to the seed and is lost in rinsing. 

After the acid has been used a number of times, it may be advisable 
to test it with a hydrometer to determine whether there is any marked 
change in specific gravity. Any appreciable admixture of water in 
the acid should be avoided. 
A good alternate method is to pour just enough acid over the seed 

to coat it thoroughly when stirred. Frequent stirring is necessary to 
obtain uniform treatment. After the seed has been treated for the 
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correct period of time, it is rinsed thoroughly with water. By this 
method there is no recovery of acid, but it is preferred by many 
nurserymen because there is less danger of heating and subsequent 
injury to the seed. 

Obviously, extreme precaution should be taken in using the acid. 
Goggles to protect the eyes, as well as rubber aprons and gloves, 
should be worn. Solutions of ammonia, bicarbonate of soda, or some 
other alkali should be available at all times to neutralize acid which 
may be splashed on clothes or skin, or the acid may be washed off the 
skin in running water. Petrolatum (vaseline) should be applied to any 
burns after the acid has been washed off. Acid should be poured 
into the container of seed, rather than seed into acid, to minimize 
splashing. 

After the acid treatment, which should include a careful washing in 
running water, the seed may be sown immediately. Excellent results 
have been obtained however, from first soaking the acid-treated seed 
in cold water until swelling takes place—usually for a few hours or 
overnight. Where soil-moisture conditions are favorable at the time 
of sowing, this method should assure prompt and even germination, 
since the swollen seed is already in the process of germinating. Mixing 
the wet seed with dry sand or sawdust to absorb the surface moisture 
will aid in handling the seed during sowing. 

If sowing is not immediately practicable after treatment, the seed 
can be stored. Briggs’ has found that the seed of honeylocust, 
sumac, and soapberry, washed and dried following the acid treatment, 
may be stored for as long as 5 months with little or no loss in viability. 
Nurserymen can, therefore, treat the seed of such species during the 
slack winter months and have it in readiness for spring sowing. Ken- 
tucky coffeetree seed, however, submitted to the same tests, showed a 
decrease in germination from 90 percent at time of treatment to 61 
percent at the end of a 5-month period, and black locust and Russian- 
olive decreased as markedly. Such reductions appear to be due to 
the wetting and drying which follow the acid treatment when the 
seed is not used at once. More research is needed on the effect of 
storage on acid-treated seed. 

MECHANICAL SCARIFICATION 

Another method of rendering the seed coat permeable to water is by 
mechanical searification, or the abrasion of the seed coat to crack it 
or reduce its thickness sufficiently to allow penetration of moisture. 
This is usually accomplished by placing the seed in a steel drum lined 
with sandpaper, revolving at about 20 r.p.m. This method has been 
successfully used by the Forest Service at the Bessey Nursery, Halsey, 
Nebr., in treating seed of redcedar. 

Other methods have been satisfactory with some types of seed. 
Hurst, Humphries, and McKee (17) describe several scarifiers used suc- 
cessfully on sweetclover, among them a disk scarifier consisting of a 
horizontal stone revolving against an upper stationary disk faced with 
rubber, the seed being passed between the two disks. Chapman (9) 
describes a modified Ames seed scarifier in which seed of black locust 
was treated by blowing the seed with a fan against a curved, sand- 
paper-lined race. 

7 (Briggs, A. H.] STORAGE OF SEED AFTER ACID TREATMENT. U.S. Forest Serv. Lake States Forest Expt. 
Sta., Forest Res. Digest, Jan.—Feb., 1936, pp. 10-12. [Multigraphed.] 
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A different type of scarifier was recently developed by the Lake : 
States Forest Experiment Station (62). It consists of six vertical 
sandpaper-covered disks, 0.25 inch thick, 10.5 inches in diameter, and 

F327823 

Figure 9.— Disk seed scarifier developed by the Lake States Forest Experiment 
Station. A, Exterior view; B, interior view, showing screen in bottom to allow 
dust to escape. 

mounted on a %-inch steel shaft, revolving inside a stationary metal 
cylinder also lined with sandpaper (fig. 9). The cylinder is 24 inches 
long, 11 inches in diameter, and is made of 28-gage galvanized iron. 
The ends are of 1-inch pine. A narrow 16-mesh screen is soldered in 
the bottom and left uncovered to allow dust to escape. The cylinder 
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is hinged to allow removal of seed and permit access for relining the 
drum and disks with abrasive. The abrasive consists of No. 2%, grade 
30 E, silicon carbide sandpaper, held in place by casein glue. The 
cylinder is suspended on the shaft in such a manner that the removal 
of a pin will allow it to be rotated, thus facilitating the removal of the 
seed. 

This scarifier is run at speeds of 500 to 900 r. p. m. and can handle 
about 10 pounds of tree seed of any size. Only the lower half of the 
cylinder is filled with seed. As the seed is scarified, it circulates 

- gradually over the top of the cylinder, so that all seed is given an even 
treatment regardless of variation in size. For any nursery where 
large quantities of seed are to be treated, a larger machine can be 
built in which the wooden disks can be replaced advantageously by 
solid carborundum grinding wheels. All other parts can be made of 
metal. 

This type of disk scarifier is much more effective than the revolving 
drum or box type. A few minutes’ treatment is sufficient for thin- 
coated black locust and similar species. Hard-coated species will 
require a longer period. The length of time of treatment for a given 
kind of seed must be worked out by actual test for each size of scarifier. 
The type of abrasive used will also influence the effectiveness of the 
treatment. The seed used must be quite free of resin or soft pulp to 
prevent gumming-up of the abrasive. 

SOAKING IN COLD AND HOT WATER AND OTHER TREATMENTS 

Seed of all species must absorb water before they will germinate. 
Where scarification or stratification are not practicable, the germina- 
tion period for many spring-sown seeds, even those having no dor- 
mant period, can be shortened considerably and a higher and more 
uniform germination obtained by soaking them in cold water until 
they swell. This may require as much as 2 weeks in cases where seed- 
coat dormancy is natural or has been induced by long or severe drying. 
Nurserymen have reported cases which point to the conclusion that, 
while soaking in water is not the preferred treatment, practically all 
deciduous species grown for prairie-plains planting respond to it 
favorably as an emergency treatment. 

Water in which seed is soaked should be changed every day, other- 
wise it becomes sourish and has a detrimental effect on seed viability. 
Better still is to place the seed in burlap sacks and immerse them in 
running water, as a stream or river, thereby providing both fresh water 
and aeration. For a number of light seeds, notably elm, catalpa, and 
desertwillow, water absorption can best be accomplished by placing in 
wet sand instead of cold water. Soaking, to be most successful, must 
be continued until the larger portion of the seed swells. The seed 
should then be sown as soon as possible. 

Hot-water treatment has been used with the larger legume seed as 
a means of softening the impermeable seed coat, in preference to acid 
treatment or mechanical scarification. Asageneralrule,agiven volume 
of these hard-coated legumes can be immersed in an equal volume of 
boiling water and then allowed to cool, without injury. According 
to Phillips (30), the water must be just below the boiling point. This 
is not always effective but probably is as far as one can safely go. 
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Other treatments involving the use of solvents such as xylene, 
ether, and acetone have been used experimentally. McKeever (24) 
found that a 10- to 120-minute treatment of black locust seed with 
these chemicals aided in dissolving the impervious waxy covering and 
improved germination. 

SEED TESTING 

Seed testing is an important phase of seed and nursery work and no 
seed should be sown that has not been tested in some manner before 
sowing. Germination tests are the most reliable measure of seed 
viability, but only when made at the proper time and on seed 
thoroughly afterripened. Consequently, cutting tests must often be 
relied upon to indicate the percent of well-filled seed. 

SAMPLING 

No matter what kind of test of seed is to be made, it is imperative 
that the sample used be representative. It is necessary, also, to run 
one or preferably more separate germination tests on each lot of seed 
of which the origin or treatment is dissimilar. If a given lot contains 
a large quantity of seed, say several tons, itissafest to obtain aseparate 
sample from each container or bin. 

From 0.5 ounce to 32 ounces, depending on size of seed, or from 1,000 
to 4,000 seeds, is considered a fair sample. A seed-sampling device 
such as is used in sampling grain will be found useful, though not 
essential, in obtaining a uniform sample. The original sample can be 
further reduced by mixing thoroughly, spreading out in a thin layer, 
and resampling the seed uniformly with a spoon. The final sample on 
which the germination test is run should contain at least 400 to 1,000 
seeds. 

GERMINATION TESTS 

Germination-testing procedure used at the Lake States Forest 
Experiment Station at St. Paul, Minn., since 1930, is suggestive of 
methods that can be generally applied. On receipt of a sample for 
testing, the number of seed per pound is determined for the standard 
sample (including refuse) and on a clean-weight basis. A cutting 
test is also made on part of the sample, and percents of good, rancid, 
and empty seed are recorded. Usually several hundred seed are cut. 
Quadruplicate samples of 250 seed each are then counted out from the 
remainder of the sample for the germination test. 

Germination tests are conducted in wooden flats 1 foot square and 
3 inches deep, in which one to four small samples may be sown. The 
flats are filled almost to the top with a clean, sterile, medium sand, 
ranging in pH from 5.0 to 5.7 * in acidity, tamped slightly and smoothed 
off. The seed is scattered uniformly on the surface, pressed in with a 
small board, and covered with sand to a depth of two to three times 
the average diameter of the seed. Water is then added in sufficient 
amount to bring the moisture content of the sand up to 10 or 12 per- 
cent of dry weight. 

Since damping-off may occasionally occur in a flat, despite the use 
of sterile sand, the four subsamples of each test are always sown in 

§ On what is called the hydrogen-ion scale, 7.0 is neutral, 3.5is strongly acid, 8.2 is the alkalinity of a limy 
soil, and 9 is very alkaline. 
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four separate flats; the germination percent is based on the average 
of the four samples, or such of these as have suffered no known damage. 
The flats are placed in the germination room, where a range in air 
temperatures from 60° to 85° F. is maintained, to simulate outdoor 
conditions. Overhead light is supplied during the day, the lamps to 
some extent aiding in heating the germination room. 

As soon as germination is evident, the seedlings appearing above 
the surface are removed with forceps and their number is recorded. 
Tests are continued from 20 to 90 days depending on rapidity of germ- 
ination. 

For those species which have a rest period and require stratifica- 
tion, the flats of seed, properly watered, are placed for 1 to 4 months 
in one of several cold-storage chambers maintained at temperatures 
between 41° and 50° F., and then brought into the germination room. 
Those seeds requiring only mechanical or chemical scarification or 
water soaking are treated just before sowing. 

CUTTING TESTS 

For seed of the current year’s crop, cutting tests are the most 
feasible and practical method for the nurseryman to determine the 
probable percent of good seed. The kernels of good seed are firm, 
white, or creamy in color, and completely fill the seed cavity. On the 
basis of number of seeds in a very small sample, it is possible to com- 
pute the number of good seed in an ounce or pound and thus to de- 
termine the quantity of seed that must be sown per unit of area or 
per foot of row, under recommended practice, to give approximately 
the desired stand. If the seed is several years old, the cutting test 
must be discounted considerably, and it may be impossible by this 
method to determine whether or not the seed contains life. This will 
depend on species, storage method, and general history of the seed. 

TESTS OF EXCISED EMBRYOS 

A rather recent development in seed-testing technique (//) consists 
in carefully removing the embryo from the seed coat and placing it on 
moist filter paper at 70° to 75° F. The viable embryo swells or par- 
tially germinates within 5 to 10 days and shows considerable color 
change. The dead embryo rots. Results show that no matter how 
dormant a seed may be, the healthy excised embryo usually shows 
some swelling and color change within a week’s time. 

The technique used depends on the type of seed coat. Hard- 
coated species such as plum, peach, hawthorn, and chokecherry are 
cracked with a special tool designed for this purpose. A Nebraska 
nurseryman has devised a pair of pliers equipped with an adjustable 
stop screw which works satisfactorily on many species. A small 
vise has also been used successfully. The hard coat is carefully 
cracked and the seed is placed in water overnight to soften the inner 
coat, which is then removed with the aid of a needle. Species such 
as apple and pear are soaked in water overnight and then the outer 
and inner coats are removed. Pine and fir seed are soaked in water, 
the outer coat is removed, and slits are made in the endosperm, which 
is again soaked in water before removing the inner coat. 

Great care must be taken not to crush the seed or injure the embryo. 
Injured embryos do not react normally and are susceptible to mold or 
rot. 
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USE OF DYES AND STAINS 

A number of investigators, notably the Russians, have been experi- 
menting with the use of various chemical stains and dyes, which, when 
applied to the contents of a seed, will indicate by color whether the 
embryo is alive or dead. This work is still in an experimental stage 
but it is hoped that it will lead to a simple and accurate method of 
determining viability. The promptness with which such a test could 
be made is an obvious advantage. 

RELATION OF GERMINATION TO CUTTING TESTS 

Table 4 shows the relation of laboratory germination to cutting 
tests. All species which respond to pretreatment of any kind were 
given the proper treatment before testing. Although the table cannot 
be used indiscriminately, it does give the nurseryman some idea of 
these relationships. For instance, Russian-olive and honeylocust 
both yielded 96 percent or more of well-filled seed by the cutting test, 
but the former had an average germination of only 32 percent, while 
the latter was 83 percent. This would indicate that Russian-olive 
would have to be sown more heavily than honeylocust to achieve 
stands of equal density. 

An examination of table 4 reveals that species which are dormant 
because of a thick seed coat generally have higher germination ratings 
than species with a dormant embryo. The latter, in spite of strati- 
fication and afterripening, often fail to complete their germination 
within 30 to 60 days. 

TaBLE 4.—Laboratory germination expressed in percentage of apparent viability 
of seed based on cutting tests 

Laboratory | Well-filled seed Ratio of germina- 
Geads | germination in cutting tests tion to cutting test | Basis, 
, "3 aa ee | UES US 

Range | Average | Range | Average | Range | Average 

Medium-to-tall deciduous | 
trees: Percent | Percent | Percent | Percent | Percent | Percent | Number 

Northern catalpal==-- 52-58 54 92- 98 95 53-62 57 3 
Greentashes Sue Bras ale 22-31 127 86- 96 92 24-37 29 4 
EIoneylocuste se. aaa e ee 66-92 83 96- 98 97 53-97 86 4 
Kentucky coffeetree_______-_ 66-92 81 97-100 99 68-92 82 5 
dBA 2 C2 cy aah rset Bee Maer ee |B A ae he AD iis, tus ge oe Ofte eee eee ae 52 1 
ES ULL Oe isd: Ps EP TNs SD | ee SOM os 2 ee es 904 ee 43 1 
P OStHOA Ke Soe ean teh et | Cee aa 4 | Sea eae Avs Se ee 73 1 
IBIACKIOCUS Hee er ee a | ee EO ails obo GORIER Se tease 66 1 
Western soapberry-_-_-___-__- 47-56 151 84-— 96 90 56-58 57 2 
Osageorances see ae 36-57 48 94-100 98 36-57 49 3 
Sibernianvelinsass= sae 36-56 44 68- 81 76 46-72 58 4 

Conifers: 
onderosaspine= = amas ee 47-69 57 68-— 78 74 67-91 Til 6 

Short trees and shrubs: 
Siberian pea-tree___________ 55-78 63 92-100 99 55-85 64 5 
RVedibGdits ses Re eemmeee ree 73-85 79 100 100 73-85 79 2 
Desertwillow______________- 26-37 31 | 90- 96 93 27-41 33 2 
ussian-olivie = ees ee 24-43 132 | 96-100 98 25-43 33 5 
Tatarian honeysuckle______ 31-73 52 | 84-92 86 37-87 60 4 
AIDTICOb=S pene smi) ae ae nace 44-89 1 66 100 100 44-89 66 2 

sisi oversiteual |oyrIelelavoy mos |) ALFA | cares see a 1O0V eae ste se 47 1 
Skunk bush2= 2 sieiae © ie ee ae he Nae eee AQ 0 ae 58 1 
Silver buffaloberry_________ 40-51 45 93- 99 96 43-51 47 2 
Commontlilach= sai aaa 24-40 32 82- 88 85 27-49 38 2 
IUMpUbeL Loh aes ee ee. a | ee ee ge SIM ee pee A (2 i Fe, 61 1 

1 These values are 10 to 20 percent lower than can be attained under nursery conditions and where the 
seed has been properly pretreated. 

It is strongly suspected that the method of handling the species 
which have embryo dormancy can be improved considerably, and 
that higher germination of these species can be obtained in the 
nursery by keeping stratification temperatures near 40° to 45° F. with 
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adequate moisture content in the stratification medium. It is also 
believed that the degree of ripeness at the time of collection is an 
important item in the germination of the seed of species which show 
embryo dormancy. 

RELATION OF LABORATORY TO FIELD GERMINATION 

Table 5 shows the relation of laboratory germination to field 
germination, as determined by Alba H. Briggs of the Prairie States 
Forestry Project, in 1938, from tests conducted during the 1937 
nursery season at Fremont, Nebr. The 1937 season was characterized 
by favorable weather during the germination season and, therefore, the 
data may at least be considered indicative of what might be expected 
during an average season under conditions similar to those existing at 
the Fremont nursery. 
A study of table 5 reveals that the sowing ratios discussed later in 

this publication in connection with table 22 can to a large degree be 
justified on the basis of the variance existing between laboratory and 
field germination. Briggs explains that this difference represents 
measurements of two different quantities under different sets of con- 
ditions; i. e., laboratory germination tests are a measure of germinative 
capacity under the controlled ideal conditions in the laboratory, while 
field results are a measure of emergence capacity under variable 
adverse conditions of depth of sowing, moisture, temperature, and 
other factors seldom subject to complete control. 

TABLE 5.— Emergence capacity in nursery plots expressed in percent of laboratory 
“germination tests 

Laboratory | Emergence | 
Species germination | in field B/A 

(A) sowings (B) 

Medium-to-tall deciduous trees Percent Percent Percent 
OMe: CaUaAN sae eee en eee ee 71 52 73 
GIPEDTL AG Nic So SS. So es ee ee ee eee es 90 43 48 
TE VOyeleNAICIE ON he eo 2 oe es SS ee oe ee ee eee aren 90 | 80 89 
AGN TICK yeCOMCOLLCE = a A ee eo a 91 84 92 
ESTE CK Cra ee ee ee Be es 78 18 23 
OSAC CORA Ce eerie eee ee Se a ee 60 | 30 50 
Bera OD Rae ae oe Ee eee eee ee 60 44 73 
Red untoeniye = eee en oe ee St ke ee 91 60 66 

Short trees and shrubs 
JOP OL 22 Ee. 2a Se ee ee ee | 37 16 43 
WoutmonmcCnokcenerny 2s. = 62 eh 30 8 27 
MaptATinnenGneysienmMewur ge 0 28 Se ee ae 52 5 10 
Sibenianepen-lhee i ee a ee ee se ee ee 80 62 78 
RUHSSIA Oliv Corie: 5 wis k 8 Ft ee Le ee 89 40 50 

SUMMARY OF COLLECTION AND HANDLING PRACTICES 

For convenience, preferred practices in collection, extraction, storage, 
and pretreatment of seed, as developed by the Forest Service for the 
various species, are summarized in table 6 
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SELECTION AND MAINTENANCE OF THE NURSERY SITE 

The proper selection of a nursery site is a prime essential in success- 
ful nursery management. The topography, location, fertility, and 

_ texture of the soil and the quality and accessibility of irrigation water 
will markedly affect the cost of production of the nursery stock. 
Closeness to market or to the planting operation is an additional point 
to consider. 

TOPOGRAPHY AND LOCATION 

The ideal nursery site in the prairie-plains region is most likely to 
be a smooth, flat, stone-free, and moderately sandy soil on a stream 
terrace (fig. 10) or in an area formerly occupied by a glacial lake. 
Some upland sites are also satisfactory. It is highly desirable that 
the site have a uniform slope, preferably in one direction, in order to 
facilitate furrow irrigation. Acceptable gradient varies with soil 
texture, ranging from a minimum of 0.25 percent on the finer-textured 
soils having a slow infiltration rate up to a maximum of 2.0 percent 
on the sandier soils that permit rapid infiltration. A hilly or choppy 
surface adds so tremendously to the cost of the nursery operation 
that it is poor economy to begin nursery production on anything but 
the best available site even though the initial cash outlay may seem 
high. 

One of the things to consider in the selection of a nursery site is the 
avoidance so far as possible of damage from frequent hailstorms. A 
study of the hail-insurance rates for the six prairie-plains States, 
based on the location of definite hail belts by the insurance com- 
panies, reveals an increasing probability of hail as one proceeds west- 
ward. Also certain local areas, such as the sand hills of Nebraska and 
the rolling morainic lands in the central and eastern parts of the 
Dakotas, where comparatively rough topography prevails, have higher 
rates than surrounding land. Such areas should be generally avoided 
in selecting a nursery site. 

It is a well known fact that local terrain has a marked effect on the 
severity and occurrence of late spring and early fall frosts. Danger 
areas generally lie in basins where there is lack of adequate air move- 
ment and should be avoided in selection of a nursery site. 

Soi, TEXTURE 

Forest Service experience in producing many millions of deciduous 
seedlings has definitely shown that moderately sandy soils are most 
desirable for nurseries. The top 18 to 24 inches of the soil should 
range from a sandy loam to a loam, although the lighter silt loams 
are fairly satisfactory. Heavier soils are recommended only if the 
class of stock produced is to be balled and burlapped. 

The substratum must be reasonably retentive of moisture. Sites 
with open and porous coarse sand or gravel substrata should be 
avoided, unless an overhead irrigation system is available, because 
of the frequent irrigation necessary on such soils. It is desirable, 
where furrow irrigation is used, to have a somewhat heavier subsoil 
below the 2-foot depth in order to retain moisture within reach of the 
tree roots. Its texture can range from a sandy clay to a loam, silt 
loam, or clay loam. If such a subsoil is present, it must be deter- 
mined with reasonable certainty that no trouble will be encountered 
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Figure 10.—A Forest Service deciduous-tree nursery on terrace soil adjacent to 
the Missouri River, near Mandan, N. Dak. 

later because of salinity, either from salts present in the soil itself or 
use of water highly charged with salts. 

On mechanical ‘analysis the topsoil should preferably indicate 30 
to 50 percent silt plus clay ° and 50 to 70 percent sand, and it is desir- 
able that the ratio of silt to clay range from 2:1 up to 4:1. Toomuch 
clay (over 20 percent) in the ‘topsoil causes undesirable baking and 
cracking. A sandy clay topsoil would not be considered ideal because 
of its tendency to form crusts, which seriously hinder emergence. 

Mechanical analyses of various portions of several prairie-plains 
nurseries are given in table 7. It will be noted that the soils consid- 

TaBLE 7.— Mechanical analyses of several prairie-plains nursery sotls } 

Total 
Nursery and area Sand = silt plus Silt Clay Remarks 

clay 

Fremont, Nebr.: Percent | Percent | Percent | Percent 
Area A. __ : 66. 6 33.4 252 8.2 Good hardwoods. An ideal nursery soil 

from point of view of texture. 
Arps Bee c = 2 2 79.0 21.0 18.0 3.0 | Good ponderosa pine grown here. 

Towner, N. Dak____- 86. 3 13.7 8.0 5.7 | Fairly good for conifers but too sandy for 
most hardwoods. Much improved by ad- 
dition of liberal amounts of animal ma- 
nures and superphosphate. 

Sioux Falls, 8. Dak.: 
Lge oe oe 47.1 52.9 39.8 13.1 | Good 1-02 Chinese elm in this part of nurs- 

ery. An ideal nursery soil. 
Ages Bat: Be ar 58.7 41.3 32. 4 8.9 | Alkali spot in which 1-02 Chinese elm 

was stunted and chlorotic. 
Pierre, S. Dak.: 

AREA a 5s Ptae 72.8 38.3 34.5 | Good 1-0? green ash in this part of nursery, 
but soil is hard to work. 

Lois 6 ie eee ee 10.9 89. 1 62. 1 27.0 | Alkali spot in which 1-0? green ash was 
stunted and chlorotic. 

Midway, S. Dak.: 
Jie: )), i 24.7 75.3 46.0 29.3 Good 1-02 American elm grown here. Soil 

| heavy for good tilth. 
iirc ht ete ee 22.8 Viz 47.3 29.9 Alkali spot in which 1-0? American elm was 

stunted and chlorotic. 

1 Samples were taken to a depth of 1 foot. Soil separates determined by Bouyoucos’ hydrometer method. 
2 1-year seedlings not transplanted before field planting. 

* Silt plus clay refers to those soil particles that are less than 0.05 mm. in diameter. Silt ranges from 0.05 
to 0.005 mm. and clay is 0.005 or finer. The clay particles that are 0.002 mm. or finer are known as fine clay 
and are colloidal in character. Sands range from 0.05 to 2.0 mm. 
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ered ideal for hardwoods have approximately a 3:1 ratio of silt to 
clay, with the silt-plus-clay fraction constituting less than 35 percent. 

If part of the nursery is to be devoted to growing conifer seedlings, 
the sandier portion is most suitable, preferably where the soil is a 
light sandy loam or loamy sand, with a silt-plus-clay content between 
15 and 30 percent. 

Following are a number of reasons why moderately sandy soils are 
considered better than heavier soils for nursery production: 

They can be worked earlier in the spring and soon after rains or 
irrigation and require less power in tillage. 

Irrigation is uniform because of rapid and even absorption of water. 
They crust and bake less on the surface, an important consideration 

during the germination period. 
They absorb a larger percentage of the precipitation, because of 

decreased water loss through run-off and surface evaporation. 
They are not so apt to get waterlogged under heavy irrigation. 
Salt problems are not usually as serious on sandy as on heavy 

soils, especially where there is reasonably good underdrainage. 
Sturdier and better balanced plants are obtained and root develop- 

ment is better, provided the soil is adequately fertile. 
Less damage is incurred by root stripping during the digging. 
Sandy soils are much superior for the heeling-in of stock and, since 

some growers use a portion of their nursery as an overwinter heel-in 
ground, this is an additional consideration. 

On the other hand, soils classed as loams or silt loams are preferred 
by some nurserymen because they have the following advantages over 
sandy soils: 

Fertility is usually greater and therefore sustained production can 
be maintained over a longer period witnout resorting immediately to 
the more expensive measures for maintaining soil fertility. 

Less difficulty is encountered from soil blowing, and snow-fence 
windbreaks and other measures employed to protect against ‘this 
factor are consequently not so essential. 

The soils have greater moisture-retaining ability, thereby reducing 
moisture losses through percolation below reach of tree roots. A 
thorough irrigation will remain effective longer on heavier soils. 

There is less likelihood of loss through leaching of soluble commer- 
cial fertilizers, such as ammonium sulfate and potash. 

Before selecting a nursery site, the grower should determine the 
availability of detailed soil surveys. These survey maps and reports, 
published jointly by the United States Department of Agriculture 
Bureau of Plant Industry (formerly by the then Bureau of Chemistry 
and Soils) and the State agricultural colleges, are an invaluable aid in 
locating desirable sites. They are generally published for individual 
counties and consist of a report of the agricultural possibilities of 
different soil series and types, and in addition have a fairly detailed 
soil-type map on the scale of 1 inch to the mile. 
Among the soils best adapted to a hardwood nursery are the 

moderately sandy to medium-textured soils of the following series:” 
Bearden (T), Bridgeport (T), Canadian (T), Cass (B), Hall (T), 
Lincoln (B), Miles (U), Miller (B), Pratt (U), Reinach (T), Spur (B), 
Tripp (T), Yahola (B). | 

10 U=Upland; T=Terrace; B= First bottom or flood plain. 
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The soils listed as occurring on bottom land may be subject to 
flooding during periods of high water. If a nursery is to be located on 
these soils, a careful investigation should be made as to the height of 
past flood stages in relation to the proposed nursery site. There are, 
of course, other upland soils that are also suitable for growing deciduous 
nursery stock but the water table is generally deeper and development 
of an irrigation system is more expensive on the upland sites. 

CHEMICAL COMPOSITION AND Sort ANALYSES 

The soil of the nursery site should be of high fertility and reasonably 
free from harmful alkalis. Inadequate soil fertility and a poor balance 
of nutrients result in a relatively large percent of cull stock and high 
production costs, and proper fertilization and cropping methods are 
necessary for optimum production. Expressed in a general way, any 
moderately sandy soil that is producing good yields of agricultural 
crops such as wheat, corn or sorghum, and cotton will produce satis- 
factory deciduous stock. Deciduous seedlings require more fertile 
and somewhat heavier soils than do most of the conifers. 

Soil analyses can be of value in selecting nursery soils and also in 
determining to some extent soil fertilization and crop-rotation practice. 
These analyses may be expressed either in terms of total or available 
nutrients. In recent years, analyses based on the relative availability 
of various nutrients such as phosphorus and potash have been favored 

_over the method wherein total analyses only are considered. Soils 
“may sometimes show fairly high values i in total analyses and still not 
have an adequate supply of nutrients in a form readily available for 
plant growth. For example, a soil may test fairly high in total phos- 
phorus but still be low in readily available phosphorus, because the 
phosphorus is tied up in a relatively insoluble state by iron, aluminum, 
or calcium. 

In order to arrive at some preliminary conclusions on the relation 
of soil condition to the quality of nursery stock produced, analyses 
were made of the same prairie-plains nursery soils represented in 
table 7. 

The resulting data, shown in table 8, include several nurseries where 
patches of “‘alkali’’ soils caused difficulty. These patches ranged 
from 20 to 50 or more feet in diameter and in most of the prairie- 
plains nurseries were caused by so-called white alkalis. The data 
presented reveal some striking differences in soils; even in the same 
nursery variations were so great as to cause a marked difference in the 
quality of the stock. 

At Towner Nursery good response was obtained from treatments 
of 20 tons of sheep manure fortified by 150 to 200 pounds per acre of 
45-percent superphosphate. 

The problem areas in the Pierre and Midway nurseries are small 
saline spots on which seedlings build up salts in the plant tissue. 
This interferes with the normal metabolism of the plant and so causes 
it to develop poorly. In both nurseries there is a higher soluble salt 
content in the more alkali spots, especially in Midway nursery where 
there is an appreciably higher content of sodium and potash salts. 
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TaBLE 8.— Chemical analyses of several prairie-plains nursery soils } 

Avail- Avail- | Replace- | Am- 
Total | Total able | “Y@ll- | “able | able and | monia 

Nursery and area pH | nitro- | scluble able : 
phos- man- | soluble | nitro- 

en salts phorus potash ganese | sodium gen 

Parts per 
Percent | million |Percent |Percent |Percent| Percent | Percent 

Fremont, Nebr.: 
TAO As AS = OUR Se coh eae eee eee 6.0 0. 098 320 | 0.0052 | 0.0423 | 0.0052 0. 027 0. 0015 

ATeas BG oR). 2a,5 Sie Re eee 6.8 . 060 280 | .0053 . 0301 . 0026 . 028 . 0020 
MOWED: Nis Dake ee noe meena 7.2 . 108 470 | .0024} .0107/ .0290 . 027 . 0012 
Sioux Falls, S. Dak.: 

Area sAl- Cn 028 5 Ce ue eee ee 5.8 . 189 680 | .0025} .0196 | .0211 . 029 . 0015 
‘Area Bo Se 2 teas a eee 5.8 . 182 370 | .0023 |) .0176 | .0149 . 025 . 0015 

Pierre, S. Dak.: 
(Area AG. en ete see ae ene ere 8.4 . 142 1,300 |} .0107 | .0541 . 0037 . 039 . 0016 
AT Oa BE Sue Eee Os ee ree eee 8.6 . 153 1,550 | .0106 | .0543 | .0035 . 038 . 0016 

Midway, S. Dak.: 
(Area) VAtm) «a ae Se a ee 8.2 . 358 yadOy | ee OOoL -1182 | .0015 . 039 . 0015 
AVR OSS SG a eh eens epee eR 8.4 . 378 2, 380 -0021 | .3045 |} .0015 . 047 . 0012 

Replace- | Replace- | Base-ex- 
Nursery and area | able able mag-| change 

calcium | nesium | capacity 

Iron as | 
FeO; | Remarks 

Mil.-eqs. | Mil.-eqs. | Mil.-eqs. | Percent 
Fremont, Nebr.: per 100 g. | per 100 g.\ per 100 g. 

Are aAvas: SEE xe 5. 22 | 1.14 8. 95 1.68 | Good for most hardwoods. 
Ares B22. eee ee 3. 68 . 29 5. 55 2.31 | Good for ponderosa pine. 

Mowner) Ne Dake a= 8. 70 1. 69 | 9. 55 2.63 | Too light for most hardwoods. 
Sioux Falls, S. Dak.: 

SA TCA Aye Cie Se tS as 13. 90 4.02 19. 65 2.67 | Good for 1-0 2? Chinese elm. ; 
INT eames eet ee 10. 53 . 72 12.75 1.20 | Poor for 1-0? Chinese elm. Chlorotie. 

SAY We Rai gi es 37. 50 6. 22 29.55 | 3.61 | Good for 1-02 green ash. Soil hard to 
| work. 

Sige Ws enh 52. 30 9. 18 28. 85 3.27 | Poor for 1-0? green ash. Saline spot. 

.35 | Good for 1-0 2 American elm. 
5 Stunted and chlorotic 1-02 American 

elm. Saline spot. 
CO ve) Or Kiéy Bees ae 67. 40 18.78 | 49.05 

1 Analyses by Soils Department, University of Wisconsin. Only the top foot of soil was sampled. Anal- 
yses were made by the following methods: pH, LaMotte- Kenney; total nitrogen, Kjeldahl; total soluble 
salts, A. O. A. C.; available phosphorus, Denige-Truog; available potash, Volk- Truog; available manganese, 
extraction with normal acetate and determination by oxidation; replaceable and soluble sodium, Bray’s 
modification; ammonia nitrogen, Harper’s modification; replaceable calcium and magnesium and base- 
exchange capacity (in milli-equivalents per 100 grams), Chapman and Kelley; iron as Fe203, by fusion and 
reduction of the ferric iron by Jones’ reductor and titration with standard permanganate. 

2 1-year seedlings not transplanted before field planting. 

The cause of the poor development of Chinese elm in parts of the 
Sioux Falls nursery is not so obvious from the soil analysis but indica- 
tions are that the limiting factor may be magnesium, iron, or possibly 
phosphorus. The lower base-exchange capacity in the poor spots 
suggests possible benefit from animal manures supplemented by super- 
phosphate and dolomitic limestone. Field tests are under way in this 
particular nursery in an attempt to solve the problem of why Chinese 
elm alone, of all the species grown here, is of low quality in some spots. 

SPECIAL PROBLEMS IN ALKALINE SOILS 

A rather common problem in nurseries located in arid or subhumid 
regions is caused by the presence of salt in the soil, which occurs 
most frequently in small patches of a few hundred to a few thousand 
square feet in area, and causes a reduction in stand density, stunting 
of the growth, a chlorotic condition of the leaves, and sometimes death 
of the plant (fig. 11). 
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Alkalis can be grouped for practical purposes into two classes, viz: 
White and black alkalis. White alkalis include rather loosely all 
sulfates and chlorides of sodium, magnesium, and potassium, as well 
as calcium chloride. These alkalis leave a white crust on the surface 
of the soil and along irrigation ditches whenever they become concen- 
trated by surface dryi ing. Black alkali consists of sodium carbonate, 
leaves dark spots on the surface of the soil, and causes it to become 
cloddy. The blackish, greasy-looking spots on the surface are caused 
by action of sodium carbonate in dissolving humus in the soil. 

Alkalis are harmful in several ways. If present in sufficient 
quantity they reduce or prevent the absorption of water by the plant 
roots, owing to the high concentration of salts in the soil solution. 

F361054 

FicguRE 11.—Failure of Chinese elm due to localized patch of saline soil. 

The result is malnutrition of the plant because of a poor balance of 
available plant food. Black alkali creates an unfavorable physical 
condition of the soil known as ‘“‘puddling.” 

The alkalis vary in their toxicity to plants, but all sodium salts are 
relatively quite toxic. Hilgard (6) states that one-tenth of 1 percent 
of sodium carbonate, one-fourth of 1 percent of sodium chloride, or 
one-half of 1 percent of sodium sulfate is the limit of tolerance of some 
agricultural plants. 

Scofield (33) in discussing alkali problems indicates that, when 
the total quantity of mixed salts in the soil solution exceeds 1.5 per- 
cent, plants show injury and it is necessary to leach out the root zone to 
reduce the amount of alkali. 

Experience in growing deciduous nursery seedlings in the plains 
indicates that with the exception of some alkali-tolerant species, the 
trees are less tolerant of alkalis than most agricultural crops. Green 
ash was found to be seriously stunted in soils where the total soluble 
salts ran 5,675 pounds per acre or 1,550 parts per million.'!! American 

11 Refers to amount per acre of soil to a depth of 12inches. An acre of soil to a depth of 12 inches will weigh 
from 3,430,000 to 3,770,000 pounds in most plains nurseries. 
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elm appeared more tolerant of alkalis but was adversely affected where 
total soluble salts constituted 8,160 pounds per acre or 2,380 parts per 
million (table 9). 

TaBLE 9.—Comparison of 1-0 nursery stock from alkali and nonalkali portions of 
tree nurseries } 

Green ash American elm 

Measurement From From From | From 
normal | alkali normal alkali 
areas areas areas areas 

enethontop= ea ee en erie are we eee inches__ 10. 2 3.3 16. 2 9.2 
Length ofro0ts 222 = sole: Ser ee eee doze=: 11.6 9.2 13.3 10. 1 
Diameteriof Stem ae ea ee eee doses 1064 $64 1464 64 
Oven=dryawei sitio tat 01S eee grams-_-_ 1. 38 18 4.35 . 83 
Owen-dnyawelelito noo sae a do 1.89 . 25 4.73 2A 
Oven-dryawelchtiottotalip arte dor 3. 20 . 43 9.08 2. 07 

SEI abe Gd CUnllIS FOC Kez een eee een ae percent _- 20 100 15 80 

1 Averages of 10 plants selected at random. 
2 This figure based on all trees in each area. 

Tests made by the junior author on recently germinated seedlings in 
pure solutions of sodium sulfate and also sodium carbonate indicated 
that Russian-olive, desertwillow, honeylocust, and Siberian elm were 
the most alkali tolerant of some 20 species used commonly in shelter- 
belt planting in the prairie plains. The tests would indicate that, in a 
nursery where the alkalinity occurs only in certain blocks, the more 
alkali-tolerant species might have more chance of survival in the 
alkali portions of the nursery. Besides the above, it is certain that 
the salt cedar is also one of the more alkali-tolerant species. 
What happens chemically to the plants on alkali spots is indicated 

in an analysis made of chlorotic and nonchlorotic seedlings in two 
nurseries (table 10). In both nurseries content of nitrogen, magne- 
sium, sodium, sulfur, and chlorine was higher in the alkali-sick seedlings 
and iron content was considerably lower. At Pierre, S. Dak., phos- 
phorus content was lower in the trees from the alkali area. ‘Tron 
hunger” is a direct cause of the yellowing of the foliage termed 
“chlorosis.”’ Lack of available iron interferes with photosynthesis, the 
formation of chlorophyll, and the manufacture of food in the leaves. 
With the normal metabolism of the plant thus upset, the result is a 
puny, off-color seedling. 

TaBLE 10.—Chemical content percent of seedlings from portions of forest nurseries 
in South Dakota of variable salinity ! 

Nursery, species, and con- | Nitro- | Phos- Cal- | Magne- : Man- Chlo- 
dition of seedlings 2 gen |phorus}| cium | nesium Sodium ganese Sulfur rine Iron 

Pierre, S. Dak.: 
Vigorous green ash______| 0.790 0.171 0. 481 0.165 | 0.0249 | 0.0011 0. 214 0. 033 0. 0456 
Stunted and chlorotic 
erecniashaes eee 1.315 . 142 . 547 -274 | .0278 | .0014 . 292 . 041 . 0296 

Midway, S. Dak.: 
Vigorous American elm -_ . 815 . 079 . 675 PLZ) | e02270\ 0007 . 193 . 052 . 0480 
Stunted and_ chlorotic 
American elm_________ 1.150 | . 083 . 850 .218 | .0238 | .0008 . 202 . 064 . 0384 

1 Analyses by Soils Department, University of Wisconsin, using standard quantitative methods, with all 
values expressed in percent. 

2 Allstock 1 year in seedbed. 



NURSERY PRACTICE FOR PRAIRIE-PLAINS PLANTING A] 

TREATMENT OF ALKALINE SOILS 

The important factor in the infertility of black alkali soils, according 
to Breazeale and McGeorge (6), is the poor carbon dioxide relation- 
ship. Carbon dioxide was found to be either completely absent or 
markedly deficient. In addition, the high alkalinity of such soils 
caused a marked depression or even cessation of nitrate and phosphate 
absorption. Even though there be an abundance of soluble phos- 
phates, they are unavailable to the plant at a pH of 8.5 or higher, 
the optimum pH for absorption of phosphates and nitrates being 
around 6.8. For this reason treatment with sulfur or some other 
acidifying material will benefit the soil. It will be further benefited 
by addition of large amounts of organic matter such as manure, 
which in decomposing will greatly increase the supply of carbon 
dioxide and at the same time counteract the puddled condition 
prevalent in black alkali soils. 
McGeorge (23), in studying the decline of citrus-growing areas in 

Arizona found that the clay in these black alkali areas had the peculiar 
property of fixing sodium in the base-exchange complex of the soil. 
Practical reclamation measures involve leaching out the alkali or 
neutralizing it with a calcium salt such as calcium sulfate. Acidifying 
of the soil or water was suggested. High pH of water was found to 
be a serious problem in Arizona in midsummer when the water some- 
times reached a pH of 8.5. He found citrus trees generally well 
developed and in healthy condition when the soil pH was 8.45 or less. 
In extremely alkaline soils calcium starvation may be a factor in poor 
growth of plants. 

If black alkali is present the soil can be improved with gypsum 
(calcium sulfate), sulfur, or other acid-forming material. These ma- 
terials are applied at the rate of 200 to 1,000 pounds per acre, and as 
high as 2 tons in case gypsum is used. 

If a thin layer of impervious soil is found within 3 or 4 feet of the 
surface, and is underlain by a more porous material such as sand, it 
will be feasible to lay tile to drain localized alkali spots. 

There are other measures that can be used to supplement under- 
drainage. Among these are scraping the salts from the surface of 
the soil at a time when the soil is rather dry and when a high propor- 
tion of the salts are located in the top inch of soil. Also recommended 
are deep tillage, good cultivation, avoidance of leaky irrigation ditches, 
and heavy applications of manure. None of these measures are 
substitutes for underdrainage. They merely supplement it. 

SOIL TESTING AND INTERPRETATION 

Soil tests can be of aid in determining the method of handling 
alkali soils. A suggested method is to sample several of the alkali 
spots from the surface to a depth of 2 or 3 inches and then at the 
1-, 2-, 3-, and 4-foot levels. 

Field test kits developed by Truog, Spurway, and other investi- 
gators can be of aid to the nurseryman in determining the type of 
alkalis present and to gage the approximate treatment needed. 

The minimum test should include pH, chlorides, sulfates, and a 
test for presence of carbonates. These tests might well be supple- 
mented by a laboratory test for total soluble salts and a test for 
sodium. 



AS MISC. PUBLICATION 434, U. S. DEPARTMENT OF AGRICULTURE 

A pH of 8.8 or over indicates the probable presence of some sodium 
carbonate, and one of more than 9.0 indicates this compound to be 
present in considerable quantities. This would immediately suggest 
the necessity of supplementing underdrainage with treatments of 
gypsum or sulfur. 
A pH of 8.2 to 8.8 would indicate presence of white alkali, and this 

test can be supplemented by a test for sulfates and chlorides. If the 
latter exceeds 2,000 parts per million there is a certainty that these 
materials are present in sufficient quantity to interfere with normal 
development of the seedlings, and will require corrective measures. 
Some of the more sensitive tree species may show adverse effects 
from quantities as low as 1,500 parts per million. Such tests can be 
supplemented by observations on stunting or chlorosis of the seedlings, 
and of any accumulation of alkali in the form of a white crust or dark- 
colored spots on the surface of the soil. 

All observations available to date on value of pH as a test indicate 
when values are below 8.2 that most shelterbelt tree and shrub species 
are not adversely affected. It is in the range of pH 8.2 to 8.8 that 
more or less serious symptoms of ‘‘salt sickness”’ appear. 

Minimum FERTILITY REQUIREMENTS 

The determination of a proper balance of nutrients for growing 
hardwood seedlings remains to be worked out in detail for various 
species. Minimum standards of fertility have, however, been worked 
out on the basis of the present available information and experience, 
as given in table 11. The values represent what may be considered 
minimum requirements for the average nursery, and there is no 
doubt that a soil with twice the amount of nitrogen, phosphorus, 
potash, calcium, and magnesium, and twice the base-exchange 
capacity listed in table 11 would produce excellent nursery stock. 
If the analysis of the soil from a proposed nursery site runs consider- 
ably below the standards shown, a better site should be selected, 
unless other factors which are in favor of the site, such as ideal loca- 
tion, good water supply, or low cost of land, outweigh the lack of 
adequate fertility. In such case the soil must be built up by fertiliza- 
tion and use of soiling crops. 

TaBLE 11.—Minimum standards of fertility for growing of hardwoods for: prairie- 
plains planting 

| | 

Minimum | ADPPrOx- | Minimum ADPIOX- 
Fertility standard level of seme Fertility standard level of aaa 

fertility Hea fertility lent 

Milliequiva- 
Pounds lents per Pounds 

Percent per acre || 100 grams_ | per acre 
iPreferredipine ee eee WOOO es =. Replaceable caleium_________ 10 2, 400 
Motalimigrosen == eseeee ol 3,000 || Replaceable magnesium _____ 3 720 
Available nitrogen (Am- Base-exchange capacity______ 5 | oe ee 
monia nitrogen + nitrate 
TLIO SEM) eee eee ee a . 002 40 

Available phosphorus (as 
POs) emer ae ea ee . 005 100 

Available potash (as K2O)___ .015 | 300 
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Analysis of various crops shows that plants remove from the soil 
at least 10 chemical elements. These are nitrogen, phosphorus, 
potassium, calcium, magnesium, sulfur, sodium, iron, chlorine, and 
silicon. Voorhees and Haskell (40, p. 3) state that many plants can 
grow to maturity without sodium, silicon, and chlorine, but that the 
other elements obtained from the soil must be present for normal 
growth. Additional elements found include manganese, carbon, 
hydrogen, and oxygen, the last 3 obtained from the air or water. 

More recent developments in the field of soil chemistry indicate 
that boron, copper, and zinc are necessary for normal development 
of plants and some startling results have been obtained with certain 
soils and crops by very light applications of chemicals containing 
these elements. Remarkable increases in yield and reduction of 
disease occurred in a number of instances. 

All the evidence at hand indicates that the so-called minor elements 
may be very important in some cases, and it is confidently expected, 
as more field experiments are performed and better methods of 
quantitative analysis developed, that their true role in plant growth 
and disease resistance will be brought to light. 

The functions of the various elements in the growth of a plant are 
numerous and complex. Van Slyke (39, pp. 48-55) states that 
nitrogen promotes growth of foliage and stem, gives leaves a dark- 
green color, and acts as a food reserve; phosphorus stimulates germi- 
nation, increases root development, and is vitally necessary in seed 
production; potassium aids in formation of carbohydrates, is impor- 
tant in transference of starch from one part of the plant to the other, 
and increases seed production. Lime in moderate amounts increases 
availability of phosphorus, prevents excess acidity, stimulates 
growth, improves tilth of fine-textured soils, and has an ameliorating 
effect on toxic substances in the soil. If present in excessive amounts 
it may reduce availability of iron and manganese, resulting in 
chlorosis. 

It is a well-known fact among nurserymen that an excess of nitrogen 
in readily available form causes undesirable succulence and_ top- 
heaviness in plants, decreases drought resistance, and increases sus- 
ceptibility to fungus diseases. The beneficial effect of superphosphate 
fertilizers in stimulating root development and developing well- 
balanced, drought-resistant nursery stock is becoming generally 
recognized. 

In most soils, if nitrogen, phosphorus, or potassium, or sometimes 
calcium or sulfur, are sufficiently depleted, plant growth will be 
influenced. In the soils of the prairie-plains region, potassium, cal- 
cium, and sulfur are invariably present in adequate amounts, but in 
some instances nitrogen, phosphorus, and iron may be so low that, for 
optimum growth of the seedlings, corrective measures may be required. 
This is especially true of phosphorus, because this element is the one 
which is most likely to be the limiting factor in production of drought- 
hardy planting stock. It is believed that lack of sufficient manganese 
in some plains soils accounts for chlorosis in nursery stock, but to 
date this has not been proved experimentally.” 

2 At the Woodward, Okla., field station of the Bureau of Plant Industry, experiments by L. F. Locke 
are reported as indicating that lack of available iron is the critical factor, and that chlorosis in nursery stock 
may in most instances be corrected by the application of iron sulfate. 

297878°—_41—_4 
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MAINTENANCE OF SOIL FERTILITY 

Although a tract of good fertile soil may be selected as a nursery 
site, it cannot be expected to be cropped repeatedly without the 
necessity of taking some measures to maintain its productivity. More- 
over, the area selected for a nursery site will in most cases be land that 
has been used in the past for production of farm crops, and may need 
attention at the outset if the highest quality of nursery stock is to be 
produced. 

DRAIN ON SOIL NUTRIENTS AND THEIR REPLACEMENT 

The actual drain on soil nutrients by nursery stock will vary accord- 
ing to species, density of sowing, amount of effective water applied, 
and length of growing season. In the southern part of the prairie- 
plains the longer growing season and greater production of material 
per acre per year result in a heavier drain than farther north. Compu- 
tation of the total green weight of l-year-old honeylocust seedlings 
produced in two successive years, 1935 and 1936, in a nursery at 
Tecumseh, Okla., gave fresh weight of seedlings per acre (without 
foliage but including roots dug to a 10-inch depth) as 7,640 and 3,730 
pounds respectively. The variation was due largely to annual 
differences in rainfall and is quite comparable with that for many 
agricultural crops. 

Table 12 gives some additional data on the weight of the material 
removed from a nursery by the digging of the stock. Since the 
moisture content of deciduous trees at time of lifting is generally about 
half the fresh weight of the plant, it is apparent that the dry weight 
of the crop produced in Oklahoma nurseries per acre per year ranges 
roughly from 650 to 4,550 pounds, with an average of about 2,450 
pounds. Similar data for nurseries in the northern and central parts 
of the prairie-plains show the crop weights to be one-half to two- 
thirds the values given in table 12. 

On the basis of several analyses of hardwood seedlings from a 
North Dakota nursery, the actual drain caused by removal of a crop 
of which the oven-dry weight is 1 ton per acre would be 28 pounds 
nitrogen, 38 pounds phosphoric acid, and 9 pounds potash. The 
nitrogen, phosphorus, and potash contents of American elm in this 
nursery were 1.795, 0.1563, and 0.452 percent respectively, and for 
green ash the values were 1.035, 0.1475, and 0.443 percent respectively. 

TABLE 12.—Green weight of 1-0 | seedlings produced per acre in Oklahoma nurseries 
m 19385 

Spacing | Trees per | -,, agcose|| Tayi 
Nursery and species between | foot of | ~“coeP pare 

TOWS TOW wie 

Pounds per 
Tecumseh: Inches | Number | Number acre 

Chinese elm_________ ees Oe een eV rege oie ONE oe Lk 40 4.5 58, 800 9, 050 
QSave-orange ymni Se See tae ee es cee 20 4.5 | 117.600 7, 870 
TONE VLOCUSE ses ee ee ee 20 4.5 117, 600 7, 640 
Black locusts...) 355. 02 22 ea ee 40 3.8 49, 700 3, 970 

Oklahoma City: 
Westenmsvvallim uit 165 Se om Cae a so ee ae 42 4.3 53, 500 4, 470 
ATA © Tel Gea Ta] ahs NS ae a ADM s 4.2 52, 300 1, 820 
GEER TN AS Te 2h 2 Te Oe UE Sa Sa re er 40 4.5 58, 800 1, 250 

Binid? Mardy catalp aes. ese ee 42 4.7 58, 500 3, 110 

! 1-year seedlings not transplanted before field planting. 
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Any attempt to determine fertilizer treatment on the basis of analysis 
of plant material and amount of such material removed per acre per 
year will result in too light an application of fertilizer. Safe determi- 
nants are tests for readily available nutrients or actual field tests to 
determine the approximately correct treatment. 

The productivity of a soil is maintained by application of animal 
manures or concentrated commercial fertilizers, or by the use of 
legumes and other soiling crops. In some nurseries materials such as 
peat, muck, and forest humus are used, especially in the form of 
compost. Such composts are limited to use in areas where the above 
materials are available close to the nursery; generally they are too 
expensive to ship into the plains. 

Effectiveness of a fertilizer or combination of fertilizers will depend 
on the availability of the various nutrients in the soil and on the de- 
mands of the crop. Some clues as to which nutrients are lacking can 
be obtained by making an analysis of the soil which would at least 
include total nitrogen, available nitrogen (largely nitrate nitrogen+ 
ammonia nitrogen), available phosphorus, available potash, base- 
exchange capacity, and soil reaction (pH), and then using the data in 
table 11 to estimate their adequacy. 

Nursery soils on the prairie-plains are very liable to test low in 
available phosphorus, and the deficiency can most readily be corrected 
by addition of 20-percent superphosphate or 45-percent treble super- 
phosphate. Bonemeal can also be used as a source of phosphorus. 
The 20-percent superphosphate is generally most effective at rates of 
application varying from 300 to 800 pounds per acre, and bonemeal 
at somewhat higher rates because of its lower availability. If treble 
superphosphate is used, quantities varying from 100 to 400 pounds 
per acre are satisfactory, and 150 to 200 pounds is generally sufficient. 

Adequate nitrogen can be supplied to nursery stock by application 
of animal manure at the rate of 10 to 30 tons per acre, the quantity 
depending on present soil fertility and type of manure being applied. 
Ordinarily 10 to 15 tons per acre is adequate. Where it is not feasible 
to furnish nitrogen in this form, it can be supplied by using legumes in 
the rotation, or it may be applied in the form of 20-percent ammonium 
sulfate or 35-percent ammonium nitrate at the rate of 200 to 600 
pounds per acre for the former and 100 to 300 pounds for the latter. 

Potash is nearly always present in adequate amounts in most plains 
soils but any lack can be remedied by the use of animal manures which 
contain some potash, or by applying 100 to 200 pounds per acre of 
50-percent muriate of potash or 50-percent sulfate of potash. In 
some cases it may be of advantage to apply combined fertilizers con- 
taining two or more of the essential nutrients, as, for example, am- 
monium phosphate and nitro-phoska. 

A low base-exchange capacity can be corrected by adding large 
amounts of animal manure or compost or by the repeated plowing 
under of soiling crops of legumes. Low base-exchange capacity is 
usually associated with the sandier nursery soils which lack humus 
and colloidal material. A low base-exchange capacity may also be 
encountered on soils which have been overcropped and not fertilized 
for many years, or, especially in the northern plains, where wind ero- 
sion has removed a considerable part of the topsoil, rich in humus. 
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Tests for available nutrients are useful only as aids in determining 
probable soil deficieney and should be supplemented, if possible, by 
actual field tests of various fertilizers. | 

For nurseries in the prairie-plains region, the use of soiling crops with © 
application of animal manures will usually be the most feasible method 
of maintaining productivity, even though it may be necessary in many 
cases to supplement this by the use of commercial fertilizers, especially 
superphosphates. 

ANIMAL MANURES 

Although animal manures do not run as high as commercial fertilizers 
in percent of different plant nutrients, they have a higher value in soil 
building, maintaining the soils in good tilth and increasing their ability 
to absorb and retain moisture. In the process of decomposition in 
which phosphorus and other elements are dissolved and converted 
into available plant nutrients, the bacteria present not only aid in the 
decomposition of the manure itself, but also attack the soil material. 
If added in liberal amounts the manure often takes care of most soil- 
nutrient deficiency. 

It is advisable to allow animal manures to be rotted thoroughly 
before applying them to the soil. Fresh manure, especially that which 
contains a high percentage of horse excrement, has an injurious effect 
on many plants, commonly known as burning. Moreover, it has a 
higher percentage of viable weed seeds than well-rotted material. To 
some extent, the burning effect can be controlled by maintaining soil 
moisture at a fairly high level by means of irrigation. 

Van Slyke (39, pp. 218-226) gives analyses of the various animal 
manures as shown in table 13. He gives the following values per ton 
as averages for the various animal manures when mixed with the usual 
amount of straw used as bedding or litter: Hen, $3.55; sheep, $2.75; 
steer, $2.45; horse, $2.40; cow, $2.00; pig, $1.95. These values are 
based on the following assumed prices per pound: Nitrogen, 12 cents; 
phosphoric acid, 5 cents; potash, 4% cents. 

TABLE 13.—Percentage of plant-food constituents in fresh animal excrements} 

Phos- 
Kind of animal and excrement | Water | Nitrogen phone Potash 

aci 

Horse: Percent | Percent | Percent | Percent 
Solid: (80)percent) +2220 eee ee ee ee eee ee 75 | 0.55 | 0. 30 0. 40 
Liquid (20) percent))= 32s = oe ee ee ee ee ee 90 | a3) (2) 125, 
WMiixed?s: 2 82.8 A Se OR ey ee Sees 78 | . 70 B20 BOD 

Cow: 
SOLE COMPCTCETTG) eee as ot Se ey ae ee 85 . 40 | . 20 210 
Liquid (0\percent) 2.222 ee ee eee eee 92 1.00 (2) 1.35 
IMuIxed | --e Sep. ei Re TS ee cae a 86 | . 60 | 5 a | 45 

Pig: 
Solid: (60: percent) 3s 2-2 5 es oe ee ee eee 80 w55 . 50 | . 40 
Liquid’ (40: percent)... a Se eee 97 . 40 10 . 45 
Mixedie 225. 2A ato See Serer o | Saar ie eae 87 . 50 35) . 40 

Sheep: 
Soligh (GP percent) eas ee yee wie lee ee TN ee ae eee 60 75 | . 50 45 
Liquid(83 Percent) 2.2 son ees ee ee 85 1.35 05 2.10 
MEIKG GRC Se Se SNE 2 Oe Ee ee ee ee | 68 95 sae 1.00 

IEVerat Gaitxe cd) aan ones See Eel ie a Se 5) | 1.00 | . 80 .40 

1 From Van Slyke (389). 
2 Trace. 
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Thus it will be seen that 50 tons per acre of an animal manure 
having 1.0 percent nitrogen, 0.3 percent phosphoric acid, and 1.0 
percent potash would add 1,000 pounds of nitrogen, 300 pounds of 
phosphoric acid, and 1,000 pounds of potash, and if plowed into the 
top 7 inches of soil would theoretically increase the total nitrogen 0.05 
percent, total phosphorus 0.015 percent, and total potash 0.05 percent. 
The generally low phosphoric acid content of most animal manures 
suggests the necessity of supplementing them with the superphos- 
phates, especially in plains nurseries. 

Since animal manures, especially the wet manures, lose a high 
percentage of their value through leaching or too rapid fermentation, 
they should be put into a concrete or puddled-clay pit. If any 
considerable rainfall is expected, there should be a tight roof over the 
pit, or at least a layer of soil 1 foot thick. To keep loss to a minimum, 
the material should be kept compact and moderately moist. These 
precautions will retard denitrification. The tight pit will prevent loss 
of the soluble portions, particularly nitrogen and potash, of which half 
or more exists in soluble form in farm manure. 

The rotted manure, and also the liquid portion, can be applied to the 
nursery in late fall after the stock has been dug, and it is considered 
good practice in arid or semiarid regions to plow under the manures 
to aid in their decomposition rather than to let them lie on the dry 
surface. Such applications can be made every other year in treat- 
ments of 10 to 30 tons per acre, depending on the soil, species of trees 
grown, and other factors. 

SOILING CROPS AND OTHER FERTILIZERS 

It may be found necessary, in addition to the use of farm manure, 
to sow a soiling crop every third or fourth year. This crop can be 
either a legume or a grain and should be plowed under while it is still 
succulent and immature. Mature soiling crops do not decompose 
rapidly and may produce a seed crop that will germinate the following 
year and add to weeding costs. One of the best ways of using animal 
manures most effectively is applying them to the soil before sowing 
the soiling crop. On the other hand, a good soiling crop cannot be 
produced if soil fertility is low, and this makes an application of some 
fertilizer before sowing, especially animal manure, most advisable. 

For nursery work, preference should be given to legumes such as 
cowpeas, soybeans, vetch, and field peas, which are sown in spring and 
turned under in summer. Grain crops such as rye or oats also are 
excellent. The rye is often sown in fall, turned under in early sum- 
mer, and followed by a crop of legumes. 

From a nursery production angle, sweetclover and alfalfa have a 
disadvantage in that they are deep-rooted, persistent, and hard to kill. 
The latter does not produce much growth in 1 year, although from the 
point of soil building, both crops are rated very high. 

If a very heavy crop is produced, it can be disked before plowing to 
ald in getting it turned under more completely. The plowing should 
be done at least 4 to 6 weeks before nursery sowing in order that the 
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soiling crop may decompose sufficiently and not interfere with seeding 
or cultivation. 

Where legumes are sown, the seed should always be inoculated with 
the proper nitrogen-fixing bacteria before sowing. In theory, once 
such inoculation has been made on a given area, sufficient bacteria 
should carry over in the soil so that no further inoculation is necessary. 
In practice this does not always work out, and inoculation of every 
new sowing of legumes appears to be the safer procedure. 

Some nurserymen make a practice of composting all fertilizer 
materials used in the nursery. This compost pile consists of alternate 
layers of manure with some material like straw, peat, humus from the 
forest, or the aerial portions of such crops as soybeans and cowpeas. 
The layers are generally from 4 to 8 inches thick, and as each layer is 
built up it is fortified with a small amount of a complete commercial 
fertilizer. This is sprinkled on top of each layer and wet down with a 
hose. Enough commercial fertilizer is added so that there are 100 to 
200 pounds per ton of compost. The compost pile is dished at the top, 
and watered occasionally to prevent excessive heating. The compost 
is ready for use in 3 to 24 months depending on conditions favorable 
to fermentation and decomposition, and is applied at the rate of 5 
to 10 tons per acre. Composts are expensive, however, and in most 
nurseries in the plains region animal manures supplemented with 
superphosphate, with an occasional soiling crop, will suffice in retaining 
soil productivity at a minimum cost. 

ln some cases in which it may not be feasible to use animal manures 
as extensively as desired because of the high cost of hauling or ship- 
ping, the nurseryman can resort to such commercial fertilizers as 
bonemeal, dried blood, tankage, cottonseed meal, ammonium sulfate, 
superphosphate, and muriate of potash. Complete fertilizers, con- 
sisting of an 8-12—4 combination of ammonium sulfate, superphosphate 
and muriate of potash, have given good results when worked into the 
soil before seeding in amounts varying from 600 to 1,000 pounds 
per acre. 

THI WAGER SUPE IAY 

QUANTITY AND QUALITY OF WATER REQUIRED 

An adequate supply of water is an important requisite of a good 
nursery site. Although exact data showing the volume of water 
required to produce a crop of deciduous nursery seedlings in the 
plains region are not available, some empirical observations point to 
the conclusion that from 5 to 15 inches of water per year is actually 
used by a good stand of seedlings, depending on species and length of 
growing season. Since in the north not over one-third and in the south 
not over one-fourth of the total water applied to the land is commonly 
used by crops, it may readily be calculated that 20 to 30 inches per 
year, depending on latitude, represents the barest minimum for safety. 
Intensive cultivation and care in applying water may, however, go 
far toward reducing such apparently extravagant demands. 
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The amount to apply artificially will, of course, vary with the 
precipitation during the season. In some years no supplemental water 
may be needed, but in dry seasons it may be necessary to apply as 
much as 10 to 20 inches of water by irrigation. Therefore, as an 
insurance measure, a sufficient supply of irrigation water should be 
available in drought years. The available flow for maximum effi- 
ciency on an average-sized nursery of 30 acres should not be less than 
300 gallons. per minute, and there may be required as much as 800 
gallons per minute on larger nurseries up to 60 acres in area. 

In the prairie-plains region, however, quality of water available for 
irrigation is as essential as quantity. No long-time studies of this 
subject have as yet been completed, but from analyses of water used 
in a number of nurseries in the plains and observations of its effect on 
nursery stock, it appears the part of wisdom to select a site for decid- 

uous stock where the total dissolved solids in whatever water must 
be used for irrigation are not over 600 parts per million, and preferably 
under 400 p. p. m., with the further stipulation that these be largely 
in the form of the less toxic compounds. For conifer stock, the water 
should have not over 200 p. p. m. of total dissolved solids, with even 
more stringent limitations on the allowable percent of the toxic salts, 
especially those of sodium and magnesium. 

These limitations are narrower than those for ordinary farm crops. 
Irrigation experts state that a mineral content of 40 grains per gallon 
of water (equivalent to 680 p. p. m. of dissolved solids) represents 
the usual upper limit for irrigation of farm crops. If most of this 
mineral content, however, is in the form of carbonates and sulfates 
of lime, the total mineral content can be over 1,000 p. p. m. On the 
other hand, if most of the dissolved material consists of sulfates, 
chlorides, and carbonates of potash or sodium in concentrations as low 
as 400 or 500 p. p. m., it can soon render a soil unfit for use. This is 
especially true if an impervious substratum prevents proper under- 
drainage, thus causing a build-up of alkali salts in the surface soil, 
and also if the amount of irrigation water used must be large in com- 
parison with rain water, as in dry years or in the western part of 
the region. 

The toxicity of various alkalis and salts was studied by Breazeale 
(5, pp. 238-256), in an interesting laboratory experiment in which 
sprouted seedlings of wheat were placed in solutions of different con- 
centrations. He found that there was a marked difference in the 
toxic point of salt solutions, depending on the presence or absence of 
calcium, which had an ameliorating effect and enabled the wheat 
seedlings to withstand higher concentrations of the salts. For in- 
stance, a pure solution of 4,000 p. p. m. of sodium chloride represents 
the approximate limit of endurance of wheat seedlings, but if a small 
amount of a soluble calcium salt is added, they can endure concentra- 
tions of over 10,000 p. p. m. These values are, of course, absolute 
maximum concentrations, and the weaker solutions of only one-half 
to two-thirds of lethal dosages generally result in a marked slowing 
down of growth rate. 
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The quality of ground water in the plains, according to Riffenburg 
(31) and others, varies considerably according to the geological forma- 
tion from which the water is drawn, depth of well, and other factors. 
His data on analysis of water from several hundred wells indicate that 
a high percentage of the wells in the northern prairie-plains have from 
1,000 to 2,000 p. p. m. of total dissolved solids and that water sources 
with only 150 to 400 p. p. m. of dissolved solids are rather scarce in the 
Dakotas. The shallow waters lying entirely in beds of glacial material 
are much less mineralized than those from deeper strata. 

Data furnished by E. C. Reed of the Nebraska Geological Survey, 
regarding quality of Nebraska ground water, indicate that ground 
water is generally less heavily mineralized in that State than in the 
Dakotas. Table 14 is based on analysis of about 140 samples of 
Nebraska water. Reed states that practically all the samples which 
contained over 800 p. p. m. came from wells 500 to 2,000 feet in depth. 

TaBLE 14.— Mineral content of Nebraska ground water 

Solids (p. p. m.) ee Solids (p. p. m.) aS ae 

Percent Percent 
O=100c. eee ee Bc ea ere ee 020) 11) 6006005) 2h Bere 2 2 Se eas eee eee 13.9 
LOOS200 2 Sie Die ee ed cer eae ee ens SL W GODS TOO Sage = ee rey hee A ey 2.9 
2002300 2a ee eae BiGi ZOO 8002 en Penis See a eke ee ea 2.9 
300240 0s See te Re ENS Sk ee Lee 43. 1 OveriS00i2 sie oe a ee eee Wes) 
4002500 ke a aS ee eee eee 22.6 | 

1 Analyses by C. J. Frankforter, University of Nebraska. Datasupplied by E. C. Reed of the Nebraska 
Geological Survey. 

2 Maximum was 7,529 p. p. m. 

Before a nursery site is chosen it is strongly recommended that a 
sample of water be obtained from the depth which is to supply the 
irrigation water, and that it be analyzed by a competent hydrologist. 
A gallon glass jar or jug, thoroughly washed out and then rinsed several 
times in distilled water, is suitable for sampling. Water taken from 
a faucet should be allowed to run for several minutes. If water is to 
be obtained from a stream, some consideration must be given to the 
time of year of sampling and the stage of the river. Very often, as 
the level of the stream is lowered by lack of rainfall in summer, the 
salt concentration increases. If use is made of a city or town water 
system, analyses already made can probably be obtained from the 
State geologist or may be found in one of a number of U.S. Geological 
Survey Water Supply Papers for the area in question. 

Table 15 presents an analysis of water in an Abilene, Kans., well 
which is considered barely aceeptable for irrigation, its total dissolved 
solids running to 648 p. p. m.; but since most of the dissolved material 
is in the form of calcium carbonate and bicarbonate (items 18 and 17), 
which are not particularly harmful to deciduous nursery stock even in 
moderately large quantities, adequate underdrainage of the nursery 
soil would probably keep this well from building up an alkali-problem 
nursery, except possibly after prolonged use of the nursery site. 
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TABLE 15.—Analysis of a water sample from Abilene, Kans., considered barely 
acceptable for use in nursery irrigation ! 

Component Analysis Remarks 

Parts per 
million 

os dE TT LOST i ae See 648.4 | High; much above average. 
2. Organic and volatile matter_______________ 88. 0 eee above average but in keeping with total 

solids. 
Beimsoldbip Wnteer. ee 19.2 | Relatively low. 
4. Iron, manganese, and aluminum__________ (2) Not determined exactly but of the order of 

1.5 to 2.0 p. p. m., at least one-half alumi- 
num; relatively high if all iron or iron and 
manganese; not likely to produce red or 

| brown stain on white ware. 
2, SSUES ee ee ee ee 11.3 | Relatively low. 
fo GDS ts re ee ee eee 23.5 | Relatively high. 
°_ OT a 130.4 | Very high. 
8. Chlorine ion (soluble chlorides)__________- 24.2 | Average or little above. 
9. Sulfur trioxide (Soluble sulfates)________ 140.6 | Very high. 

10. Bicarbonic acid ion (soluble bicarbonates). 320.0 Do. 

HYPOTHETICAL CHEMICAL COMBINATION OF | 
ACID AND BASIC IONS 

LSE SEG TC OLD o Ce (rrr 40.2 | Average or little above. 
Ji. S’PUT Te PS aa Se Se ee ee Not unusual. 
13. Sodium bicarbonate______________._________| 25.3 | Not unusual; bicarbonate alkalinity; little 

above average. 
14. Sodium carbonate --________________ (2) A mere trace in this instance; not enough to 

be significant. 
fa EAP nesiam Sulfate 2% = 5 116.7 | Very high. 
Sepa Repl rated Stitt. on ee Se | 106. 7 Do. 
ry. Calcium. bicarbonate: _..__.... =... 400.6 Do. 
eo CocnimesrDOWALes =) = 86 se | 247.3 | Very high; chemically equivalent to item 17; 

precipitated on evaporation of water. 
HARDNESS, AS CALCIUM CARBONATE | 

19. Permanent hardness________ Ai ere Se 175.6 | Very high. 
mt “Nemporary WATGGESS! = ee 8 247.3 Do. 
DIA PD AD Mirth ee a ee 422.9 Do. 
CEL IF RET PERS be soe eS) eee (2) Sufficiently high to cause water to be viewed 

| with much suspicion if used for drinking 
| purposes; should be boiled if drunk; not 

proof of bacterial contamination. 
22 7 a. oo Re ee eee ae Oe Ee Relatively high (7.2); definitely alkaline. 

1 Analysis by C. J. Frankforter, Chemist, University of Nebraska, Lincoln, Nebr. 
2? Small, indeterminate quantity. 

An analysis is given in table 16 of water from a South Dakota well 
considered unfit for use in a deciduous-plant nursery. The high con- 
tent of sodium compounds (items 11 to 14) and the high pH (item 23) 
indicate the probability of a rapid build-up of harmful alkalis and 
salts sufficient to cause eventual abandonment of the nursery site. 
Sodium is one of the most toxic elements in alkalis and in appreciable 
quantities will result in harm to most plant life. 

The significance of pH value in relation to prolonged use of water 
for irrigating forest nurseries is not thoroughly understood, but it 
may be of interest to state that in one North Dakota nursery water 
with a pH of 7.2 raised the pH of the nursery soil from 6.6 to 7.6 
in 2 years. The water had 187 p. p. m. of total dissolved solids, 
largely in the form of calcium carbonate and bicarbonate. The build- 
up of pH did not affect the hardwood stock in the least, but for the 
more sensitive conifers, especially jack pine, it was necessary to apply 
at time of seeding one avoirdupois ounce of aluminum sulfate per 
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square foot, or three-eighths fluid ounce of commercial sulfuric acid 
in a pint of water per square foot, to reduce pH to the level of 6.0 
satisfactory for most pine seedlings. 

TaBLE 16.—Analysts of a water sample from Prerre, S. Dak., not considered fit for 
use in nursery trrigation | 

Component Analysis Remarks 

Parts per 
million 

12 Totalisolids see 22 ee eee nts cece due ee 1,047.2 | Exceedingly high. 
2. Organic and volatile matter_______________- 82.8 | High for an average water but low compared 

to the very high total solids. 
3. Insoluble matter____________ BUDE NOLS 26.0 | About average for an average water but low 

compared to very high total solids. 
4. Iron, manganese, and aluminum__________ (2) Not determined but low compared to total 

solids; of the order of 1.5 to 2.0 parts per 
million with at least one-half aluminum; 
might cause staining of white ware. 

Fi OC URIN se lee ae Sa err 103.0 | Very high; unusual. 
6s: NEB ome sit ee ee aE enero 25.4 | Very high. 
ie OF) (Gi pana e PRR e sien a Me an Ce a es 40.3 | High. 
8. Chlorine ion ‘soluble chlorides) __-_________- 26.4 | Average or little above. 
9. Sulfur trioxide (soluble sulfates)_________ 361.9 | Very, very high; unusual. 

10. Bicarbonic acid ion (soluble bicarbonates). 199.7 | Very high. 

HYPOTHETICAL CHEMICAL COMBINATION OF 

ACID AND BASIC IONS 

il, iSxorobibnin Monit tee 43.8 | Average or little above. 
A; tSkorsbreoanl Gobi eee se 350.4 | Very, very high; unusual. 
13 SOGIMMYbIGATIO ON ale meee aan en 275.0 O. 
14S Sodiamycarbornaite ss ie eo (2) Not actually determined but of the order of 

2.5 to 3.0 p. p. m.; unusual; definitely alka- 
line even to phenolphthalein. 

US, IME ARSON SoU ec sees 126.3 | Very high. 
GER Cal crumks Wifate meyer 136.9 0. 
i, Calkotsnan jorcaroomyia. = ee (2) Trace; unusual. 
LSE Cal CluUMECAT DOT ate eee ee ae ee (2) Do. 

HARDNESS, AS CALCIUM CARBONATE 

19SebermanenGenardnessaee ee ee 205.8 | Very, very high. 
20 Remporanva hangin ess eee eee eee (2) Trace; unusual. 
21 \Rotalnardmess ees = =e 205.8-+| Very, very high. 
92: INGGELCES 2 8a ee Re mee Se ete (2) High; indicates some sort of organic contami- 

nation; not proof of bacterial contamination; 
water should be boiled before drinking. 

23) PH. =. ees eens ee eee ae aes PASS, Soe tees Very high (8.28); unusual; definitely alkaline. 

1 Analysis by C. J. Frankforter, Chemist, University of Nebraska, Lincoln, Nebr. 
2 Indeterminate quantity. 

It should be mentioned here that the soil itself, the type of under- 
drainage present, the irrigator’s skill and experience in applying water, 
and the relative amount of water needed in comparison with the 
amount received in rainfall, all have a bearing on the question as to 
whether continued use of saline water will at some time in the future 
create an alkali problem. 

SOURCES OF SUPPLEMENTAL WATER 

Assuming that the soil on a proposed nursery site is good and that 
the water available for supplemental irrigation is not too highly 
mineralized, the nurseryman still has the problem of determining the 
best method of pumping and distributing the water. The type of 
pump and motive power used will depend on the quantity needed, 
the pressure desired, and the depth of the water table. Deep wells, 
of course, cost more to develop and pump than shallow wells except 
possibly where artesian pressure is available. If ditch irrigation is to 
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be used, a pump of less pressure is needed than in a set-up in which 
irrigation is done by means of an overhead sprinkling system equipped 
with oscillators. Oscillators work best at pressures of 30 to 45 
pounds, and function poorly or fail entirely when the pressure drops 
below 20 pounds at the point where the water enters the oscillator. 

It is strongly recommended that, before final decision is made on 
the well location and depth, one or more test wells be dug under the 
supervision of a driller, preferably working under contract. The test 
will include an exact log of the hole, foot by foot, as reeommended by 
Brackett and Lewis (4), to indicate character of the substrate, depth 
of water-bearing sand, and other pertinent data such as capacity and 
flow of the well and amount of draw-down for different discharge 
rates. The test will be used as a basis for recommending the type 
and capacity of the pump. 

Before purchasing a pump, the buyer should become thoroughly 
familiar with the rating charts provided for each pump by the manu- 
facturer. These charts show maximum working pressure developed 
and gallonage delivered at various heads, although it is best to deduct 
30 percent from all claimed capacities for everyday working con- 
ditions. The data often include the horsepower necessary to furnish 
a specific flow of water at a given head and lift and give the speed in 
rotations per minute of the pump, as well as maximum and effective 
suction lift. Economy of operation and upkeep are additional factors 
for the buyer to consider. 

PUMPING FROM SHALLOW WELLS OR OPEN WATER 

Considerable expense can be averted in installation cost if the 
nursery lies in an area where there is a large permanent supply of 
good water within 10 to 50 feet of the surface. Such areas on the 
plains are invariably underlain by sand or gravel substrates and 
usually occur as terraces along streams or in the beds of old glacial 
lakes. In some places pumping can be done from a lake or stream, 
provided the entire flow of the stream is not already appropriated. 
Careful investigation should be made of legal priorities and water 
rights on such streams. 

If the nurseryman is not familiar with the ground-water conditions 
and depths in a given locality, valuable advice can be obtained from 
an hydrologist or geologist familiar with the area. 

Where the water table is within 10 to 30 feet of the surface and 
the water-bearing strata consist of sand or gravel, one of the most 
economical units is a horizontal centrifugal pump set down in a well 
pit so that it is within 5 to 10 feet of the surface of the water, which 
is drawn either through sand points, well screens, or strainers (fig. 12). 
If the water table fluctuates more than 10 feet, however, the water 
table at the low water stage, after prolonged pumping, may be below 
the effective suction lift of the pump. Although centrifugal pumps 
have a suction lift up to 20 or 25 feet, they work much more efficiently 
when placed closer to the water. 

For priming, it is good policy to have the discharge pipe sloping 
upward from the pump, with a cut-off valve at the lower end. When 
the valve is opened the water retained in the pipe primes the pump. 
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The horizontal centrifugal pump is also well adapted to pumping 
from open water in lakes or streams. In such cases the suction pipe 
is fitted with a strainer foot valve at the intake, to screen out trash 
and facilitate priming. Where the water-bearing material is of a 
fine texture, it has been found advisable to have the well points or 
screens gravel-packed to allow a more rapid inflow of water and to 
reduce possibility of partially clogging up the well screens or points 
by fine particles of sand. 
By gravel packing is meant surrounding the well screen or per- 

forated casing with gravel. A 16- to 24-inch blank casing is sunk to 
15 or 25 feet (or to the depth of the well) below the surface of the water; 
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Figure 12.—A centrifugal pump drawing water from three 3-inch sand points. 
Capacity is 200 gallons per minute at 40 pounds pressure. An economical unit 
in pumping from open bodies of water or from shallow water-table areas under- 
lain by sand or gravel. The effective lift of such pumps is generally 10 to 
20 feet. 

all the sand or silty material inside the casing is cleaned out with a 
sand bucket as the casing is sunk; an intake pipe with a smaller- 
sized perforated casing or a well screen attached is inserted in the 
center of the casing; and graded gravel from one-fourth to one inch 
in diameter is packed between the well screen and the casing. The 
blank casing should be 12 to 20 inches larger in diameter than the 
well screen or perforated casing. As packing proceeds, the outer 
casing is gradually withdrawn. The gravel filling is kept a foot or 
two higher than the bottom of the blank casing. The outer casing is 
completely removed after the gravel packing has been completed. 
A cheaper method, used extensively in Nebraska, consists of digging 

a hole to the water table, setting the casing in the hole, and sinking it 
by weighting. A sand bucket is used to remove the material inside 
the casing below the water table. Gravel is poured between the 
casing and the sides of the hole in the upper portion of the well, and 
as the casing sinks, the gravel works downward along the side of the 
casing and leaves a gravel pack around the perforated lower part. 



NURSERY PRACTICE FOR PRAIRIE-PLAINS PLANTING 61 . 

The portion of the casing below water is then perforated by means of 
a special tool devised for this purpose. Details on installations and 
types of casings are described by Ewing (10). 

Of equal importance is proper well development by controlled 
pumping and surging, or the removal of the particles of sand that 
bridge over the openings in the well screen or casing and may appre- 
ciably reduce the flow of water. They are commonly removed by 
working a plunger up and down with a well rig, especially in connec- 
tion with the development of a new well. The plunger is slightly 
smaller in diameter than the casing and its action draws the fine 
particles into the casing where they may be removed with a sand 
bucket. Another method of surging (35) used generally with the 
smaller-sized piston or horizontal centrifugal pumps, especially when 
attached to sand points, consists of pumping water down into the 
well pipe under pressure so that the water is forced through the 
screen in the sand point. This process cleans the screen by carrying 
the finer sand and soil particles some distance away from the screen, 
thus increasing the pore space around it and permitting movement of 
a larger volume of water through it when pumping is resumed. 
When the well screen or point is attached directly to the suction 

line, it is essential that it be some 10 to 20 feet below the surface of the 
water to allow for drawdown, or lowering of the water table. Other- 

_ wise when the water level drops the pump will not function properly. 
The degree of drawdown depends upon the ability of the water to 
- flow in fast enough laterally, and this in turn depends largely on the 

size of the particles in the water-bearing stratum, the capacity of the 
pump, and the length of time of pumping. Very often in situations 
where the water-bearing stratum is a medium to fine sand, it is neces- 

sary to put down two or three wells hooked up to a single intake or 
suction pipe in order to afford sufficient flow. The spacing of the 
points or wells will vary from 30 to 50 feet, with the pumps of 800 
to 1,000 gallons-per-minute capacity. 
Two other types of pumps used occasionally for shallow wells where 

the suction lift is not over 20 feet are piston and rotary pumps. 
These do not, however, have the capacities demanded in a large 
nursery. The rotary pump particularly is not well adapted to situa- 
tions where the water contains any appreciable amount of sand or 

‘grit, as this material cuts the rotors and in short order seriously 
reduces the maximum suction lift of the pump as well as its capacity. 

DEEP-WELL PUMPS 

Where the vertical distance from the pump location to the lowest 
water level is more than 20 to 25 feet, there are several types of pumps 
available, namely, vertical turbine, vertical centrifugal, deep-well 
cylinder, and air-lift pumps. 

The vertical turbine and the vertical centrifugal types are similar 
in that each has a casing which extends below the water table, and 
which houses an impeller-equipped shaft capable of rotating at speeds 
of 800 to 3,500 r. p.m. The impellers are housed in bowls near the 
bottom of the casing. In popular usage the term “vertical centrifugal 
ump” is generally applied to the type which has only one impeller 

blade of large diameter and is well adapted for pumping from depths 
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of 25 to 50 feet. Vertical turbine pumps have from 2 to 30 impellers 
(multistage). In deep wells the number of impellers is increased, 
generally by one stage for each 15 or 20 feet of head, depending also 
somewhat on size of casing, gallonage to be delivered at the surface, 
and pressure desired. Such pumps can be used in wells up to 1,000 
feet deep. 

The vertical centrifugal and the vertical turbine pumps are the 
two types most used in irrigation projects and in nurseries where the 
water table lies too deep to use a horizontal centrifugal pump. They 
have capacities of 500 to 1,000 or more gallons per minute and develop 
all the pressure ever needed in a nursery. Although the initial outlay 
is considerable, they are the best and most efficient deep-well pumps 
when costs are prorated over a period of years. 

The deep-well cylinder pump, which operates on a plunger principle, 
is satisfactory for deep wells but generally has a capacity of not over 
50 to 100 gallons per minute, not enough to supply the water needed 
in most nurseries, unless used to fill a storage pond or tank of large 
capacity from which water can be run by gravity into irrigation 
ditches. 

Air-lift pumps are seldom used in irrigation projects because of low 
efficiency and high installation cost. Their chief mechanical ad- 
vantage is that they need not be set directly over the well, as is the 
case for the other three types of deep-well pumps. 

Ditrcu IRRIGATION 38 

PLANNING AND CONSTRUCTION OF DITCHES 

Ditch irrigation is the method generally used by plains nursery- 
men in distributing the water over the nursery. To be successful, it 
must be planned with due consideration for limitations chiefly con- 
nected with topography, texture of soil, and size and shape of the 
nursery. There is therefore no general plan that can be applied to all 
conditions. 
A topographic map of the nursery site with a contour interval of one- 

half to one foot is prerequisite to laying out main and lateral ditches 
and deciding the direction of tree rows. These should first be plotted 
on the map. If the slope of the land is uniform and in one direction 
the irrigation system will often consist of a main ditch running down 
the slope on a fall of 0.1 to 0.25 percent, from which laterals run out 
approximately at right angles. The laterals follow around the con- 
tour of the slope and are spaced at intervals of 400 to 650 feet depend- 
ing on slope of land and soil texture. Rows should not be carried 
down slopes of more than 2.5 feet per 100 feet in very sandy soils, 1.75 
feet in sandy loams, or 1.5 feet in heavy soils. Otherwise, erosion 
may result during irigation and proper penetration of the water is 
difficult to attain. 

The distance which water may economically be carried down tree 
rows varies with the slope, the head of water available, and the soil 
type. For instance, when water is turned into a tree row, on sandy 
soils, the stream will advance down the row at a uniform rate of so 

13 This section on ditch irrigation was prepared largely by I. D. Wood and R. Hilliary, formerly with the 
Prairie States Forestry Project, Forest Service. 
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many feet per minute for a certain distance. Then the rate of advance 
gradually slows down until a point is reached where little or no progress 
can be noted. It is evident that the part of the tree row near the point 
of diversion at the main ditch is then being overirrigated, whereas 
the far end of the row will be getting little or no water. For sandy 
loam soils, a carry of from 450 to 650 feet down a tree row should ordi- 
narily produce good results. The distance may be increased some- 
what on tighter soils. The exact distance on a given slope and for a 
given head of water and type of soil can be determined only by 
experience with the particular field in question. 
When rapid percolation interferes with the carrying of water the 

full length of the rows, the best procedure is often to increase the 
quantity of water entermg each row. A second expedient is to plow 
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FiGurE 18.—Common type of irrigation ditch used in nurseries, but not suitable 
for use on slopes in excess of 18 inches per 100 feet. Bottom of ditch may range 
from 12 to 16 inches. 

a shallow trench or run a canvas hose down one row, through which a 
fairly large head of water may be carried to the far end of the field, 
where it may be diverted to the rows not reached by the usual 
method. 

Ditch construction is not a difficult problem, since the main and 
lateral ditches used in nursery irrigation are relatively small. In 
lighter soils, a plowed furrow may be used to make the line, after which 
a V-shaped scraper or small ditching machine will suffice for the re- 
mainder of the construction process. In heavier soils, it will be neces- 
sary to plow the soil loose and then remove it with the blade ditcher. 
In most instances, a ditch with a bottom width of 12 to 16 inches, a 
depth of 12 inches, and side slopes of 1:1 will suffice to carry the 
quantities needed in nurseries (fig. 13). 

Where the water must be carried down slopes in excess of 18 inches 
per 100 feet to reach some particular area, ditches of the cross-section 
mentioned above are likely to be damaged by erosion. If the slope 
is short in length, the water can be conducted in a trough made of 
1- x 12-inch plank; or a simple drop may be made with sand bags, which 
can be moved from place to place at little cost and may be used to 
advantage in many places to prevent erosive action of irrigation 
water. 
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The problem of carrying irrigation ditches over depressions or 
ravines may be solved by making a fill across the depression with a 
slip scraper and running the ditch across the fill—fill and ditch banks 
being well compacted to avoid serious breaks. Often, however, a | 
simple flume is more desirable, especially where the ravine to be crossed 
must be left clear to carry away floodwater (fig. 14). In some situa- 

tions it may be most — 
2" jaae Z| economical in the long 

run to use galvanized 
iron flumes through- 
out and have these 
supported on concrete — | 
or pressure-treated, | 
creosoted piers. | 

It is usually neces- 
sary to dam a main 
ditch or lateral to ° 
divert water to rows. 
Canvas dams, port- 
able metal checks, or 
sandbags may be used. 
It is considered poor 
practice, however, to 

Be 704 WLOSTIGEE 
256" IN GROUND 

bank every few feet 

eet aw individual rows. Wa- 
Fiaurpe 14.—Detail of a flume design commonly ter can be diverted 

used for farm ditches. The posts are spaced 8 from the main ditch 
feet apart along the length of the flume. The through a box made 
prepared roofing is laid lengthwise and whatever of 1. by 6-inch or 
joints are necessary are made by sealing the edges le ee Cotas val 
with roofing cement. The edges at a and b are y S-inch materia 
securely held with roofing nails. (see fig. 15). Damp 

earth must be tamped 
around the box when it is set in place or a leak will occur, resulting in 
a break. Water so diverted should be carried in a lister- or plow- 
furrow parallel and adjacent to the main or lateral ditch (fig. 15). 
From this furrow, diversion can often be made to 15 or 20 rows at one 
time. It is relatively easy to cut the banks of the lister ditch or to 
dam it at intervals with a shovelful or two of soil. 

Canvas dams are easily and cheaply made and are effective in 
ditches of small size (fig. 16). The 14-ounce canvas is securely 
fastened to a piece of 2 by 4 laid across the ditch so that the loose end 
of the canvas is upstream, where it is held in place on each bank by 
several shovels of earth. After the water is turned in, a few extra 
shovels of dirt may be necessary to stop leaks. Several dams should 
be made so that one may always be in place before removing one where 
irrigation has been completed. 

The portable metal dam (fig. 17), which is set securely across the 
ditch by means of the 4%-foot angle iron, has some advantages over 
the canvas dam in that it is more durable and has a greater diversity of 
uses. The shut-off slide facilitates letting some water pass the 
dam when desired. The dam with the slide open can also be set in a 
ditch bank and used in place of the 6- by 6-inch box shown in figure 16. 

cut the main ditch © 

to obtain water for — 



NURSERY PRACTICE FOR PRAIRIE-PLAINS PLANTING 65 

CANVAS DAM MAIN DITCH 

DIVERSION CHANNEL OR BOX 

LISTER OR PLOW FURROW 

TREE ROWS 

LISTER 
FURROW = 

WY 

2X2) CLEAR 

FiGuRE 15.—Method of diverting water from main ditch, by means of canvas 
dam and diversion box. 
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FicurE 16.—A canvas dam constructed so as to permit bypassing part of the 
water. 
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An important feature of nursery irrigation is leveling. In fields 
which appear smooth and uniform to the eye, small irregularities of a 
few inches may either divert the flow of irrigation water from the tree 

rows or cause pools to 
form. To smooth out 
high points and fill in 
depressions, a drag or 
irrigation leveler is 
used (fig. 18), con- 

Z x/" STRAP IRON sisting of a rectangular 
frame from 16 to 24 
feet long with cross 
members spaced at 
uniform intervals. 

Leveling may be 
necessary for several 
seasons to get the land 
in the best shape for 
irrigation, but consid- 
erable benefit will re- 
sult from one or more 
levelings in the same 
season. The leveler 
should be used only 
When the ground sur- 
face is fairly dry and in 

| good tilth and _ the 
Figure 17.—A common design of portable metal soil will move readily 

dam. ahead of the cross 
members. If possible, 

the leveler should be drawn once lengthwise across the field, once cross- 
| wise, and once diagonally, each season after the soil has been plowed 
| or disked preparatory to planting. In sandy soils, where levelings 

are likely to pulverize the topsoil and subject it to blowing, one level- 
ing may have to suffice. Obvious high points and deep depressions 
often require the use of a blade road-grader or slip scraper. 

% X1'* 4-6" ANGLE 
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Figure 18.—LIrrigation leveler used at Bessey Nursery, Halsey, Nebr. 
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MEASUREMENT OF WATER OVER WEIRS 

Many nurserymen prefer to know the volume of water used through- 
out the season, especially where water rights must be paid for. Such 
measurement is usually made by means of a weir or water meter. The 
water meter can be used only where water is transported under pres- 
sure through pipes; in ditch irrigation, weirs are commonly used. 

A weir consists of a bulkhead or wall built across a stream or ditch 
at right angles to the flow of water with an opening cut in the top of the 
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Figure 19.—Details of construction of a weir and weir pond. 

wall through which the water is measured as it flows. The opening 
is called a weir notch. The bottom edge of the notch over which the 
water flows is called the crest. That portion of the ditch immedi- 
ately upstream from the weir is called the weir pond. The height of 
the water surface in the weir pond above the level of the weir crest is 
the head. This is measured a few feet upstream from the weir. If 
the flow of water over the weir crest discharges into free air before 
striking the level of the water on the downstream side, the weir is said 
to have free discharge. A weir with a sharp upstream corner or edge 
so formed that the water springs clear of the crest is called a sharp- 
crested weir. 
A weir notch 2 feet wide and 1 foot deep will meet the requirements 

of all anticipated flows used in the irrigation of most nurseries. The 
details of the construction of such a weir are given in figure 19. Care 

ee 
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is necessary to insure that the weir notch is rigid, the crest level, and 
the sides vertical at a 90° angle to the crest and exactly 2 feet apart. 
The weir must be made sharp-crested by beveling the downstream 
edges of the crest about 45°. 

The weir pond is made by so widening and deepening the ditch for 
some distance upstream from the notch as to assure practically a still- 
water condition before the water flows over the weir. The procedure 
is as follows: 

Commencing at approximately 50 feet upstream from the weir, widen the ditch 
by tapering gradually to the full width of the weir wall or bulkhead. The water 
must approach the weir in straight lines without swirling, eddy, or current. 

Deepen the ditch gradually to the depth of the weir bulkhead. 
Raise the banks starting at the weir and continuing upstream 50 to 100 feet, 

depending upon the grade of the ditch and how close to the head of the diteh the 
weir is placed. This should not be closer than about 50 feet. Experience has 
shown that a distance less than 25 feet between the weir and the supply discharge 
point usually causes too great a surface disturbance of the water to permit of an 
accurate measurement of the head h and is liable to result in an increased velocity 
of waterflow over the weir. The amount of raise should be only enough to give a 
free fall of water from the weir crest to the water level below. 

The bottom of the ditch for a short distance downstream from the weir should 
be protected by an apron of rock or plank to prevent scouring from the water 
falling over the weir notch. 

The pond must not be allowed to fill with silt and sediment or other debris. 

After the weir pond has been constructed, the weir is installed in 
accordance with the standard weir plan (fig. 19). Care should be used 
in the installation of the weir to make certain of the following 
conditions: 

The wall is set true and vertical. 
The stakes are driven solid and to the required depth. 
The joints are tight. 
The notch is properly centered over the center line of the ditch. 
The crest is perfectly level and set at the proper elevation above the ditch- 

bottom level. 
All dimensions of the notch conform accurately to the construction plan. 
Every precaution is taken to prevent water from washing under the bottom 

or around the sides of the weir. 
The soil is properly filled in and tamped around the weir and the weir-pond bank 

brought flush with the top of the weir. 
The ditch just below the weir is adequately lined with rock, plank, or sandbags 

to prevent scouring due to the water falling over the weir notch. 

The weir gage may be an ordinary ruler or a hardwood stick grad- 
uated to feet and inches, but it is preferable to have it graduated to 
feet and tenths and hundredths of a foot. It should be set upstream 
from the weir notch a distance of 6 feet on a solid post driven into the 
ground just far enough from the ditchbank to assure that it will 
always be in the water. The reason for placing the gage as described 
is that the depth of water h (fig. 19) from which the flow over the weir 
is computed is measured vertically from the crest to the horizontal 
plane or the still-water surface in the pond upstream from the weir. 
There is a decided curving downward of the water surface near the 
weir notch and it is necessary to get beyond the effect of this curvature 
in order to get the correct depth. The zero of the gage should be 
accurately set, level with the weir crest. This may be done with a 
straightedge and a good carpenter’s level. The crest and gage levels 
should be checked carefully for settling or frost action. 

Table 17 shows the discharges in cubic feet per second and gallons 
per minute for different heights (H) of water (as measured by the weir 
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TABLE 17.— Discharge table for a 24-inch, rectangular, sharp-crested weir with end 
contractions } 

Head Discharge | Head | Discharge 

Cubic feet Gallons | Cubic feet | Gallons 
per second | per min- per second | per min- 

Feet Inches | ute Feet Inches ute 
| 0.01 lg 0. 006 3 0:51 | 6% 2. 33 1, 049 

.02 YY .018 8 iy 614 2. 40 1, 080 

.03 3% . 034 15 5953 6% 2. 46 1, 107 

. 04 6 . 052 23 . 54 6% 2. 53 1, 138 
05 % .072 32 Mess 698 2. 60 1, 170 
. 06 1g . 096 43 . 56 634 2. 67 1, 202 
207 | 1346 - 122 55 ayy 61% 6 2.74 1, 233 
.08 | 1546 . 146 66 . 58 616 2. 81 1, 265 
.09 | 1%e .176 79 . 59 7MY6 2. 88 1, 296 
10 136 . 206 93 . 60 76 2. 96 1, 332 
11 16 . 236 106 .61 77A6 3.03 1, 364 
2 1KHe . 270 122, | . 62 76 3. 10 1, 395 
3 1%6 . 304 137 . 63 7%6 Seely) 1, 427 
.14 1146 . 340 153 . 64 716 3:20 1, 463 
vil 11% 6 . 378 170 .65 | 716 3. 32 1, 494 
16 1146 . 416 187 . 66 71546 3. 40 1, 530 
sul 7) Me . 456 205 . 67 86 3.47 1, 562 
18 | 2%Ke . 496 223 . 68 8346 3. 56 1, 602 
.19 26 . 540 243 . 69 844 3. 63 1, 634 
. 20 23% . 588 265 5 if) 834 3. 71 1, 670 
2 2144 . 632 284 57 8146 3. 78 1, 701 
22 2% . 677 305 5 iP 88 3. 86 1, 737 
534) 234 5 (08! 325 S16: 834 3. 94 Pie 
. 24 27K . 769 346 . 74 87% 4.02 1, 809 
20 3 .817 368 518 9g 4. 10 1, 845 
. 26 34% . 865 389 . 76 91g 4.18 1, 881 
94 | 34% .914 411 Hil 9% 4. 26 1,917 
. 28 334 . 965 434 . 78 938 4. 34 1, 953 
. 29 34 1.02 459 .79 9% 4.42 1, 989 
. 30 35% 1.07 482 .80 | 9% 4.51 2, 030 
sail 334 te? 504 .81 | 9% 4. 59 2, 066 
say 31346 1.18 531 .82 | 9136 4. 67 2, 102 
38 31546 GA} 554 .838 | 91%6 4.75 2, 138 
34 4146 1. 28 576 84 | 10%6 4.84 2,178 
fe 4346 1. 34 603 .85 | 10%6 4.92 2, 214 
36 4546 1. 40 630 . 86 10%6 5.01 2, 254 
37 476 1. 45 653 .87 | 10%6 5. 10 2, 295 
38 4% 6 1p 680 . 88 10%6 5.18 2, 331 
39 41g 157 707 .89 | 101%6 5. 27 2 Ste 
40 41346 1. 63 734 . 90 101%6 5aoo 2, 408 
41 4146 1. 69 761 91 101%6 5. 44 2, 448 
42 56 Aer 788 .92 11%6 Dido 2, 489 
43 5H%o 1.81 815 . 93 11%6 5. 62 2, 529 
44 54 1. 88 846 . 94 114% ine Al 2, 570 
45 53% 1.94 873 -95 | 11% 5. 80 2,610 
46 54 2. 00 900 .96 | 114% 5. 89 2, 651 
47 5% 2. 07 932 .97 | 11% 5. 98 2, 691 
48 534 Dales 959 . 98 11% 6.07 2, 732 
49 | 5% 2. 20 990 | . 99 11% 6.15 2, 768 
DOM AO 2. 26 1,017 1.00 12 6. 25 2, 813 

1.566. 1-8 = 7 (BS reo 1 Computed from the formula Q=3.247LH 12D 8 

gage) flowing over a 24-inch, rectangular, sharp-crested weir, expressed 
in hundredths of a foot as well as in inches and fractions. Example: 
Water-level reading on measuring gage is 3% inches, which according 
to table 17, indicates that 389 gallons of water per minute is flowing 
over the weir. If the water level were halfway between 3% inches and 
3% inches on the gage, at 3%» inches, half the difference between 411 
and 389, or 11, would be added to 389, making the flow 400 gallons 
per minute. 

PIPE AND DITCH DISCHARGE DATA 

Nurserymen are frequently confronted with the necessity for com- 
puting sizes of pipe needed to deliver water in desired quantities and 
without undue loss of pressure. As an aid in selecting correct pipe 
sizes for various flows of water, it is necessary to consider such factors 
as volume, loss of head, and distance the water must travel. 
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Discharge in pipes is cut down by friction against the walls of the 
pipes, or loss of head, which is usually expressed in feet per 100 feet of 
pipe. Head means the amount of vertical fall in feet between the 
entrance and discharge ends. In addition to the head caused by 
vertical fall in the pipe, there is the head caused by the pressure of 
water in the main or at the pump. This pressure on the pipe is mea- 
sured in pounds per square inch, which can be expressed in feet of 
head by multiplying by 2.31. This figure added to the total vertical 
fall in feet in the pipe gives the total head in feet at the discharge end 
of the pipe. 

Example: Suppose a pipe line is to be laid from the main pipe # 
in a city water system to the nursery at D. 

Length of pipe H to D=1,000 feet. 
Vertical fall from H to D= Head fall in pipe=10 feet. 
Pressure in main pipe at H=30 pounds per square inch. 
Head feet in pipe at H=2.31 XK 30=69 feet. 
Total head feet at D=69+ 10=79 feet. 

If the nurseryman needs a discharge of 50 gallons per minute at D 
and has 1,000 feet of 2-inch pipe which he wants to use, will the 2-inch 
pipe be large enough? 

TaBLeE 18.—Friction of water in pipes—loss of head in feet due to friction, per 100 
feet of 15-year-old ordinary tron pipe 

Discharge | | | 
(gallons | 14-inch | %4-inch | 1-inch |14-inch|1}4-inch) 2-inch |2)4-inch) 3-inch | 4-inch | 5-inch | 6-inch |8-inch 

per pipe | pipe | pipe | pipe | pipe | pipe | pipe | pipe | pipe | pipe | pipe | pipe 
minute) | 

1 pees meres DS ee | ee ee | eee eee | ee | | ee | 
eee ys te 7.4 1,9 eset el = ee aI e oe ee Se et ee eet oa ae | Ree eee | nee 
Be eee ae 15.8 AS 20 eee pe ee ee) eee ee ee Se ee ee ae ee 
A ee ae 27.0 CEM |) 2 le! 0. 57 O26 if 2 See Eee ee | eee | 
jeae ree ie = 41.0 10.5 | 3.25 . 84 SAO We eae EN AN SR eo ee | L  | a ae | 
IK) ieee See 147.0 38.0 | 11.7 3.05 1.43 | 0.50 OSL Sd ONO Za S Rese eee | ee ee 
il Sacra een RSIS ae S 80.0 | 25.0 6. 50 3.0 1.08 . 36 By Sel Rae ees eee |e ete 
20M Seer | ee eee 136.0 | 42.0 LL 5. 2 1. 82 61 sO) eae ee a ee | ee ee 
Dic eel Moe |S Sed a | es eee 64. 0 16. 6 7.8 2.73 . 92 FOO eee ees | Ie | ea 
BQ ised PE Eee sei eee 89. 0 23.5 11.0 3. 84 1, 29 pA Se srs Seems |S ee || eee || eee 
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Table 18 gives, for 2-inch diameter pipe and discharge of 50 gallons 
per minute, a loss in head of 9.9 feet per 100 feet of pipe due to friction. 
For 1,000 feet of pipe the loss of head will be 10 times this amount, or 
99 feet. Since the total head in feet at D is 79 feet, it is readily seen 
that the 2-inch pipe is too small. For 24-inch pipe the loss per 100 
feet is 3.32 feet, or 33.2 for 1,000 feet of pipe. The nurseryman should 
therefore use 2%-inch pipe, which will deliver the desired 50 gallons per 
minute at D with only 33.2 feet friction loss in the total available 79 
feet of head. If 3-inch pipe were used the loss in head would be only 
13.8 feet. If D were the same elevation as EF and the total available 
head only 69 feet, the nurseryman could still use the 2%-inch pipe. 
If the water were received at # from a gravity-flow ditch, however, 
the total head at D would have been 10 feet, requiring 4-inch pipe, of 
which the friction head loss for 1,000 feet is 10 .34=3.4 feet. 

Discharge in gallons per minute from ditches of sizes commonly 
used—12 inch and 16 inch (fig. 13)—computed on the basis of a water 
depth of 6 inches, are given in table 19. Depth may be increased some- 
what if more capacity is necessary, but there is danger of breaks in 
ditch banks if the water level is carried too high. 

TaBLeE 19.—Computed discharges from 12-inch and 16-inch ditches, with water 
depth of 6 inches, down different gradients 

Ditch 12 inches wide Ditch 16 inches wide 

Slope (inches per 100 feet) Approximate discharge Slope (inches per 100 feet) _Approximate discharge 

Cubic feet | Gallons per Cubic feet Gallons per 
| per second minute | per second minute 
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OVERHEAD IRRIGATION 

Since deciduous nursery seedlings can, under normal conditions, 
be grown satisfactorily under ditch or row irrigation, no general need 
exists to install the more expensive overhead sprinkling systems. 
Such systems, however, afford a convenient method of irrigation and 
are especially helpful during the germination period of small-seeded 
species such as elms and mulberry. Since the initial investment per 
acre is large, and the number of deciduous seedlings that can be grown 
on an acre is limited, an overhead system can be justified only as a 
long-time investment in permanent nurseries. In the Forest Service 
nurseries in the plains region, overhead sprinkling has proved satis- 
factory only on sandy soils where the water penetrates easily. Ob- 
servations on relative effectiveness at different times of day in the 
warm summer months indicate that watering with the overhead sys- 
tem is most effective in the evening or at night. In the hot part of 
the day, less than 50 percent of the water may reach the ground owing 
to vaporization in midair, and some of the water that does reach the 
ground evaporates before it can penetrate to an effective depth. 
Nozzles with comparatively large orifices will reduce excessive loss 
due to vaporization. 
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GROUND PREPARATION AND SEED SOWING 

PREPARING THE SOIL 

A well-prepared seedbed is the nurseryman’s first consideration in 
planning his season’s operations. Since nursery stock production is 
an intensive form of crop culture, it is essential that the preparation of 
the soil be given much closer attention than would ordinarily be neces- 
sary in the production of most farm crops. Good tilth (the physical 
condition of the soil) is highly important in nursery work, since the 
soil must be in a finely pulverized condition to assure close contact 
with the seed before germination, to facilitate emergence during germi- 
nation, and to permit easy cultivation during the growing season. 
Soil preparation technique in deciduous nurseries will vary accord- 
ing to soil texture. Light soils require less preparation to put in prop- 
er condition for sowing than the heavier soils, since they are less prone 
to become hard and cloddy and their physical condition is more easily 
regulated. 

The proper handling of previous crop residues and fall or early 
winter plowing constitute a preliminary preparation. If the area has 
previously been in nursery crop, no crop remnants will exist except 
possibly discarded cull stock. Such material should be raked up and 
burned, since, because of its woody nature, it will not disintegrate 
rapidly, will interfere with all cultural operations, and may harbor 
disease and insect pests. In the Southern States, termites in such 
material may constitute a serious problem. 

If the nursery area has previously been in farm crops and a consider- 
able quantity of coarse and heavy cornstalk, stubble, or other trash 
remains on the ground, this material should be disked thoroughly or 
otherwise cut before plowing. If the quantity of the material present 
is excessive, it may be necessary to rake it up and remove or burn it. 

Fall or early winter plowing to a depth of 6 to 8 inches is preferred. 
The operator should strive to achieve a narrow furrow slice standing 
somewhat on edge, thus leaving the land rough. If fall sowing is not 
practiced, fall-plowed areas should be left in rough condition over 
winter. 

If plowing must be delayed until spring, plowing should not be done, 
particularly in the heavier soils, when the soil is so wet that a rough, 
cloddy seedbed will result. It is far better to delay plowing for a 
week. Disking or harrowing should immediately follow spring plow- 
ing before the surface soil has a chance to dry out. Ordinarily, best 
results are obtained by attaching a section of drag to the plow. 

The advantages of fall or early winter plowing over spring plowing 
may be summed up as follows: 

A maximum area of soil is exposed to the mellowing influence of 
alternate freezing and thawing, thereby resulting in good tilth. 

The roughened condition aids in catching snow and will reduce 
run-off which might result from late fall, winter, or early spring rains. 
The moisture-catching capacity can be increased by listing after 
plowing. An added advantage is that the roughened condition aids 
in preventing the soil from blowing. 
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With soil-preparation work in the spring lessened, subsequent 
operations may get under way sooner. 

Fall plowing allows the seedbed to become settled. 
It permits some decomposition of crop residues and organic fertilizers. 
It may help in the destruction or checking of certain insect and 

disease pests. 
Further preparation of the soil before sowing in the spring should 

await favorable soil-moisture conditions, since stirring the ground 
when it is too wet may result in a puddled soil. When moisture 
conditions are favorable, the entire area should be disked, and, if 
necessary, cross disked. The necessary leveling should also be done 
at this time. If the area is subject to blowing, it may be necessary 
to prepare each individual block just preceding sowing rather than 
the entire area at one time. 

Ordinarily on fall- or winter-plowed areas, disking at the proper time 
in the spring will constitute adequate preparation, but in some 
instances harrowing with a spike-tooth or spring-tooth harrow will be 
necessary to pulverize the soil properly. Rolling or culti-packing is 
seldom necessary after fall plowing but will frequently prove desirable 
after spring plowing to settle the seedbed. 

With well-prepared seedbeds and properly handled seed, sowing 
resolves itself into getting the best possible adjustment of the three 
primary factors, namely, season, density, and depth of sowing. The 
method employed is but a means of obtaining the desired correlation 
and is, therefore, secondary. The practice of ridging the rows fol- 
lowing sowing is also secondary, since it is merely a means of protecting 
the seed until germination takes place. 

Row SpAaciInG 

Distance between rows is governed by the spacing which will give 
the maximum production of premium-grade seedlings per acre at the 
lowest cost per thousand. Many items of nursery cost, such as 
sowing, care during germination, weeding, thinning, hand cultivating 
and hoeing, digging, and, to a certain extent, power cultivating, 
irrigating, and supervision, are largely governed by the number of 
miles of lineal row in the nursery rather than the number of acres. 

Row spacing may be as close as 10 inches if overhead irrigation is 
available (fig. 20) and if a lifter is available that will dig five rows at 
a time. 

Where ditch irrigation is used, the Forest Service nurseries have 
used row spacing ranging from 16 to 42 inches. Spacing as close as 
21 inches requires that the nursery tract be properly leveled for 
irrigation. With the equipment now used and from the experience 
obtained, it appears that a row spacing of 21 to 27 inches will produce 
the maximum amount of usable stock of most species at the lowest 
cost per thousand. With an average production of 6 to 8 usable 
seedlings per lineal foot, this row spacing will grow approximately 
150,000 seedlings per acre (table 20). 
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Seedling bands not more than 2 to 3 inches wide are preferred; 
wider bands greatly increase hand work and therefore weeding costs. 
The rows should be straight and the edges of the bands sharply defined, 
since this facilitates all cultural operations. 

F327108 

FiGure 20.—Green ash seedlings with a 10-inch space between rows, grown under 
overhead irrigation. 

SEASON OF SOWING 

Sowing of deciduous species in the nursery may be carried on in 
spring, summer, or fall. With the double objective in mind of 
premium-grade seedlings and high germination, nurserymen have 
found that each species presents its own problem and that it is highly 
important to determine the optimum sowing season for each. 

TABLE 20.—Row spacing and seedlings per foot of row needed to produce 150,000 
seedlings per acre 

Total = Total ; 
Distance between rows, length Bes Distance between rows, length epee < 
center to center (inches) of row or fect center to center (inches) of row an teak 

per acre EB per acre BP 

Feet Number Feet Number 
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AD 2s ERR he ae ae en eee ee 12, 446 P23 DAS SL Raper te kr oS ere Foye 21, 780 6.9 
GO) Hoa ital en Ae ee, So agri Se 13, 403 gL Vee -R | i eas sales SS ae es Ry 24, 891 6.0 
3G So bate) Se En Tel nee eens 14, 520 HO) | (een I eed Be et OE aie rGroee ied Swat 29, 040 5am, 
BB ens Sed Nt ee te A ae ee 15, 840 Oa A alts aed abc On le as Ee ar Sr 34, 848 4.3 
BU eee Pentre er mene Lg oe 17, 424 8.6 

In general, the nature of the seed dormancy determines for all 
species the optimum time of sowing. Species having embryo dor- 
mancy, or a combination of embryo dormancy and impermeable seed 
coat, respond either to fall sowimg, which is sometimes preferable, or 
to stratification followed by spring sowing. Species possessing only 
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an impermeable seed coat are preferably spring sown, following the pre- 
scribed pretreatment of rendering the seed coat permeable. Species 
possessing no dormancy are preferably spring sown. 

Several guiding principles can be stated with respect to spring 
sowing. If the seed has had some form of pretreatment involving 
the absorption of water, such as stratification, water soaking, or 
acid scarification followed by water soaking, it should be placed in 
direct contact with moist soil when sown, and the soil kept moist until 
germination is completed. Such seed should not be sown in dry soil, 
unless irrigation immediately follows sowing, because the dry soil 
may absorb moisture from the seed, thereby retarding or delaying 
germination and thus tending to reduce the viability of the seed. If 
seed has had no pretreatment, or the pretreatment did not involve 
the absorption of water, it can be sown in moderately dry soil with 
no loss in germination or vitality, provided adequate moisture for 
germination is received in due time. 

Some variation in time of spring sowing is necessary when handling 
a number of species. Seed that has been in stratification the required 
period will usually be sown as soon as the ground is in condition and 
will germinate and grow even though the soil may be comparatively 
cold. Other species not requiring stratification vary somewhat as 
to their temperature requirements for germination, and sowing time 
may be adjusted accordingly. Leguminous species, for example, 
appear to respond better if their sowing is delayed until the soil has 
warmed up appreciably. <A safe rule to follow for such species is to 
wait until farmers in the same locality start planting corn. 

Some attention should be paid to past weather records and no 
sowings should be made so early that seedlings will be up prior to 
the average date of the last killing frost. Likewise, sowing should 
not be delayed when conditions are right, smce late sowings are ex- 
posed to the hazard of loss from heat. 

Summer sowing is sometimes resorted to for the production of 
seedlings of a desired size. For example, sowing of black locust is 
often delayed until late June in order to hold down the size of the 
stock. In the Northern States, certain species, notably Siberian 
pea-tree, require more than | year in the nursery to attain planting 
size, but if given 2 full years are likely to develop into oversize seed- 
lings. Sowing of such species is often delayed until midsummer of 
the first year in order that growth the first season may be retarded. 

Heat injury is the main hazard encountered in summer sowing. 
Germinating seedlings are quite soft and succulent, and high tempera- 
tures, especially when associated with high summer winds, burn such 
seedlings regardless of available soil moisture. Insect attacks also 
are more serious, and hardening-off is more difficult than with spring 
sowing. 

Although fall sowing exposes the seed to certain hazards not en- 
countered in spring sowing, it will produce a larger seedling. It has 
a further advantage from the nurseryman’s viewpoint, in that it does 
away with the necessity for stratifying and otherwise handling the 
seed over winter. These advantages are not net gains, however, since 
fall sowings are subject to a number of dangers that may cause com- 
plete failure. 
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Throughout the winter, fall-sown seed should have direct contact 
with the moisture in the soil. Dry, cold ground will have very little 
beneficial effect on the seed requiring moisture as a part of its pre- 
germination treatment. Moisture absorption by the seed is negligible 
in frozen soil, and poor germination often occurs if the soil freezes 
shortly after the seed is sown. In latitudes where the ground alter- 
nately freezes and thaws during the winter months and winter pre- 
cipitation provides adequate moisture, this point is of mmor impor- 
tance; but in the Dakotas fall sowings should be made early enough 
to permit some moisture absorption by the seed before the ground 
freezes. 

If the nursery soil is heavy, alternate freezing and thawing, as in 
mild winters, commonly brings the seed to the surface, exposing it to 
drying winds, rodents, and birds. This frost heaving can largely 
be avoided by throwing up a broad ridge of soil to a height of 6 inches 
over the seed rows. 

Perhaps the most serious problem to be encountered in fall sowing 
is that a premature warm period in the spring may cause early ger- 
mination, and that subsequent feeezing weather will destroy the 
seedlings. If the warm spell is not unduly prolonged, however, this 
can be guarded against by maintaining a ridge of soil over the seed 
rows, thus controlling or preventing to some degree the penetration 
of heat. 

DEPTH OF SOWING 

Small seed should be sown at less depth than large seed. Other 
important factors that enter into the depth of sowing are the texture 
of the soil and season of sowing. It is safe to sow at a greater depth 
in sandy than in fine-textured (heavy) soils, because of the compara- 
tive ease of seedling emergence. Where ridging is practiced, the 
season of sowing should not influence sowing depth, but if ridging is 
not practiced, it is desirable that fall-sown seed be sown at twice the 
depth of spring-sown seed of the same species. 

Under the practices followed in the plains region, the following 
rule has been used as a guide in gaging the depth to sow the seed: 
Sow all seed to a depth ot three times the average diameter of the 
clean seed kernel but in no case less than % inch. This rule applies to 
all spring-sown seed in fine- to medium-textured soils regardless of 
whether ridging is practiced, and results in 0.5 inch or thereabouts as 
the sowing depth of a great many of the deciduous species. Very few 
species are sown to a depth of more than 1 inch below the so1i level. 

Sowine Ratios TO DETERMINE DENSITY OF SOWING 

Data obtained by the Lake States Forest Experiment Station have 
shown rather conclusively that first-year survival, growth, and vigor 
of field plantings in the plains region is in direct proportion to the 
caliper of the nursery stock—larger caliper stock produced better 
results than smaller stock. It was demonstrated that stock with 
a caliper of between three-sixteenths and six-sixteenths inch at a point 
2 inches above the ground line was, for most species, the premium 
erade from point of percent of field survival and cost per surviving 
tree. Optimum size varied somewhat by species, a point which is 
discussed in detail in connection with the grading of nursery stock. 
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The data further showed that the caliper of the nursery stock is, to 
some extent, dependent on the density at which the stock was grown 
in the nursery. 

Since average caliper of deciduous nursery seedlings decreases as 
the stand density increases (see table 21), it is important that densities 
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FieurE 21.—Normality of rainfall has a marked effect on the size of nursery stock 
produced. Density per lineal foot of bed in both years was 7% seedlings. 

in the nursery be maintained approximately within a range that will 
permit the largest number of premium-grade seedlings to be produced 
per lineal foot. Naturally this range of densities will vary somewhat 
according to species, length of growing season, precipitation (fig. 21), 
available soil moistures, soil texture and fertility, and species. Whether 
l-year or 2-year stock is to be grown is also of importance. 
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TABLE 21.—Effect of stand density on caliper of seedlings as shown by number of 
seedlings in each caliper class 

Caliper class Aver- 
Species and number of seedlings in : age cali- 

10 lineal feet of row ! | | per of 
1/16 2/16 | 3/16 4/16 5/16 6/16 7/16 all seed- 
inch | inch | inch | inch | inch | inch | inch | lings 

Num- | Num- | Num- | Num- | Num- |} Num- | Num- 
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1 §6-inch-wide bands with rows 40 inches apart. 

Observations made from 1935 to 1938 in 20 different deciduous 
nurseries in the plains region indicate that densities ranging from 5 to 
10 seedlings per lineal foot of row, after the early season losses, produce 
the greatest number of premium-grade seedlings. It is best as a rule 
to grow the fast-growing species of 1-year stock in shghtly denser 
stands than the slow-growing species. Also, species to be grown 2 
years in the nursery in the Northern States can be grown in denser 
stands than species requiring only 1 year. The ideal sowing rate 
will result in the desired stand density with allowance for the inevitable 
losses which occur before the stand is established. 

Sowing rates to produce a given density will be governed by the 
viability of the seed and the ratio that exists between viability and 
ultimate final stand. Although the viability of the seed can be deter- 
mined by germination tests, the ratio between viable seed sown per 
lineal foot of row and the ultimate stand varies greatly. Numerous 
factors determine this ratio, such as soil texture and fertility, weather 
conditions (especially during the germination period), intensity of the 
nursery care, growth habits of the species, amount of loss from disease, 
insects, and rodents, and, lastly and perhaps most important, the size 
of the seed. Large-seeded species such as plum, apricot, honeylocust, 
and many others, which produce a sturdy vigorous growth immedi- 
ately upon germination, can normally be expected to show lower 
mortality during and immediately following germination than small- 
seeded species such as elm and mulberry. Seedlings from small- 
seeded species are normally very delicate during early life and heavy 
losses can occur quickly from soil crusting, heat, wind burn, drought, 
and other causes. Figure 22 illustrates the comparative size of various 
species during early life. 

For all species a certain percentage of loss is unavoidable and some 
oversowing must be done to allow for subsequent loss. Alba H. 
Briggs of the Prairie States Forestry Project, Lincoln, Nebr., in a 
study conducted at a Nebraska nursery during the summer of 1937, 
found that, at the end of the season, honeylocust, coffeetree, and wal- 
nut retained over 90 percent of their original stand, plum 89 percent, 
hackberry and Chinese elm 87 percent, Russian-olive 65 percent, choke- 
cherry 60 percent, American elm 38 percent, and mulberry 20 percent. 
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In every instance two-thirds to three-fourths of the total loss sustained 
occurred before July 1st while the seedlings were small and succulent. 
His findings substantiate the practice of using variable sowing ratios 
for different species. 

FiGuRE 22.—Comparative height of deciduous seedlings 10 days after emergence: 
A, Lilac, % to % inch; B, Russian mulberry, % to % inch; C, green ash, 14 to 2 
inches; D, chokecherry, 144 to 2 inches; H, American plum, 4 to 6 inches; F, 
bur oak, 3% inches. Only the tallest bur oak seedling is 10 days old. 

The recommended sowing ratios for nurseries using furrow irriga 
tion (to be found in table 22, p. 102) have been shown by experience and 
actual field tests to be fair ratios under normal growing conditions and 
good nursery practice. Should unusually favorable moisture condi- 
tions prevail, it is to be expected that these ratios will result in stands 
in excess of desired density, thus necessitating thinning. In case over- 
head irrigation is available, the ratios, especially for the smaller- 
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seeded species, can be cut in half because of the better moisture control 
that can be maintained. 
Knowing the germination percentage and the ultimate stand desired 

per lineal foot for each species, it is possible to compute the number 
100SR 

of seed to sow per lineal foot by the following formula: N= Pie 

wherein N=number of seed to sow per lineal foot; S=ultimate stand 
desired; P=germination percent of the seed; and R=sowing ratio. 
For example, if a stand of 6 seedlings per lineal foot is selected as the 
optimum density for a particular species, and if the seed has a germina- 
tion. of 50 percent and the sowing ratio of 4:1, the formula then becomes 
N=100X6X4 

50 
Given the number of seed per pound and the lineal feet of row per acre, 
a supplementary formula of value for expressing the number of seeds 

NF 
M D 

wherein A= pounds of seed needed per acre; V=number of seeds sown 
per foot of drill; 44=number of thousands of seed per pound; and F= 
number of thousands of lineal feet of row per acre. For example, if 48 
seeds are to be sown per lineal foot and the rows are to be 2 feet apart 
(21,780 lineal feet of row per acre) and there are 26,000 seed per pound, 

48 X 21.78 

26 

=48, the number of seed to sow per lineal foot of drill. 

sown per foot of drill in pounds of seed needed per acre is A= 

the formula becomes A= =4(0.2 pounds of seed needed per 

acre. 
If adequate seed supplies are available, the safest procedure is to 

sow heavily enough to obtain stands slightly in excess of optimum 
density and after the seedlings are well established to thin down to 
the desired final stand. This is especially desirable for certain species 
which are difficult to establish. Costs per thousand of growing 
seedlings are virtually in an inverse proportion to the percent of stand, 
i. e., a 50-percent stocking will practically double the cost per thou- 
sand of that in a 100-percent stand. Therefore, the cost of the seed 
used in oversowing and of the labor involved in thinning is well justi- 
fied within reasonable limits. Briggs has obtained data showing that 
percent of emergence of seedlings decreased consistently as rate of 
sowing increased, owing apparently to such factors as increased 
damping-off and competition for available moisture in the denser 
sowing. 

Sowrnc METHODS 

The method of sowing seed is secondary in importance to the factors 
of season, density, and depth of sowing. Emphasis should be placed 
on obtaining even distribution of seed and uniform depth of cover. 
With hard, dry seeds of spherical or ovoid shape, uniform distribution 
can easily be assured by mechanical drill sowing, the seeders being 
hooked up in multiple. However, not all of the tree species grown tor 
plains planting lend themselves readily to machine sowing because of 
shape and size of seed, or pretreatment. No satisfactory mechanical 
sower is available that will sow all the types of seed in 2- to 3-inch 
bands. 

Because of the lack of a suitable mechanical sower, nurserymen in 
the plains region have relied upon hand sowing of some seed to secure 
even distribution in the bands. This method (fig. 23) necessitates 

meas A Tn IE ETT: 
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Figure 23.—Hand sowing green ash seed in narrow bands in rows spaced 10 inches apart. A, Opening the furrows; B, sowing seed; C, covering seed. 
297878°—41——_-6 
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several operations, namely, opening the band or furrow, distributing 
the seed, covering, firming, and, in some cases, ridging the rows. 
This hand method is fairly satisfactory in small nurseries but it is 
obvious that in larger nurseries any mechanical method that will do 
all these operations at once will reduce sowing costs materially. 
A number of seeding devices have been used with considerable 

success in sowing hardwoods in the plains nurseries. For seed that 
can be sown mechanically, the best device consists of a series of seed 
drills mounted on a frame and pulled by a tractor (fig. 24). 
Many species of seed, however, such as those with wings, those 

of small size, or seed which has not been separated from the stratifica- 

F37540 

Figure 24.—Rear view of 4-row mechanical seeder. 

tion medium, cannot be sown mechanically. The nurserymen of the 
Prairie States Forestry Project developed, however, a semimechanical 
method which would handle any size or shape of seed and, at the 
same time, operate much faster than hand sowing. The most satis- 
factory of these is a tractor or horse-drawn sled on which 2 to 4 men 
ride and distribute the seed in an even flow into a funnel or trough 
which is attached to the seeder (fig. 25). Boxes or bags of seed are 
placed within easy reach of the men doing the seeding so that there is 
an uninterrupted flow of seed. The seed drops into a shallow furrow 
opened by a metal runner or shoe and thereupon the furrow is closed 
by sweeps and firmed by wheels directly behind the seeding trough. 
In case the seed rows are to be ridged, a pair of disks are so placed as 
to straddle each seed row. This type of machine allows the men who 
are doing the seeding to see the distribution of the seed and affords 
them ample opportunity to obtain an even spread at all times. 

Several other seeders work on the same principle but with certain 
modifications, such as a large funnel or hopper into which the seed 
is dropped, and equipment of hand levers that regulate the sowing 
depth between limits of 4% to 2 inches. The entire device is swung 
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on an axle between two wheels so that it can be pulled with a rubber- 
tired tractor and raised out of the ground when necessary. 

Such machines do good work if reasonable care is exercised to 
assure proper sowing depth. If the motive power is supplied by a 
tractor throttled down to an even speed of 1% miles per hour, a better 

F 35369 1—35369 

FicurE 25.—A, Front view of sled type of seeding machine. The seed is fed by 
hand into the long horizontal seed trough. B, Side view of sled type of seeding 
machine. 

job of sowing will be accomplished than if horses or mules are used. 
since the latter ordinarily walk at a faster rate and at uneven speeds. 
At a seeding speed of close to 1% miles per hour and a row spacing of 
21 inches, a 4-man seeder will sow approximately 8 acres in an 8-hour 
day. 

Regardless of method followed, careful sowing should be the 
objective rather than low initial costs, since in the final analysis sow- 
ing costs are a relatively small part of the cost per thousand of pro- 
ducing seedlings. A cheap job of sowing may be quite expensive in 
the long run if it results in low production. 
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Whether seed rows should be ridged or not is largely determined 
by season of sowing. Ridging serves several purposes. It delays 
drying out of the topsoil beneath the ridge, assuring to the seed a 
uniform moisture for germination; it marks the row, thereby facilitat- 
ing cultivation and irigation, which are sometimes necessary before 
germination takes place; and it keeps the seed from being washed 
out by excessive heavy rains or blown out by hard winds, and to a 
certain extent prevents pilfermg by birds and rodents. Furthermore, 
in the process of raking down the ridge after the seed starts to sprout, 
but before the sprouts reach the ground level, the first crop of weeds 
is removed. If the weeds are allowed to come up with the plants, 
they can be pulled only by a great amount of hand labor and, on 
weedy soil, only at the sacrifice of a considerable number of young 
lants. 

7 Ridging of seed rows is recommended in all cases where fall sowing 
is practiced. For spring sowing its employment is a matter of judg- 
ment on the part of the nurseryman. Ordinarily, in the spring, if soil 
moisture conditions near the surface are good and the species sown is 
one that can be expected to germinate in several days, ridging need 
not be practiced. An overhead sprinkling system reduces the neces- 
sity for ridging. 

Moisture, oxygen, and proper temperature are the three essentials 
for germinating seed, and if these factors are not held within certain 
limits, no germination will occur. It is obvious, therefore, that the 
ridge must not be too high and should not be packed too hard. For 
fall sowing, ridge heights up to 5 or 6 inches are required for pro- 
tection, largely from frost heaving and premature germination; but for 
spring sowing, ridges 3 inches high are adequate. Higher ridges pre- 
vent heat and air from penetrating to the seed and, if the ground is 
wet for long periods, may cause the seed to rot. 

GERMINATION AND SEEDLING CULTURE 

All the cultural activities following the sowing of the seed up to 
the time that germination is complete, have been grouped by the 
writers under the term “‘germination culture.’’ More specifically, the 
following operations are included in this term: Raking down or remov- 
ing ridges, breaking crust, and any irrigating or cultivating that is 
intended as an aid to germination. In the plains region, nurserymen 
have found that careful germination culture is quite important, 
particularly with light-seeded species and in heavy soil. The term 
“seedling culture’? as used here includes all cultural operations 
involved in bringing the seedling crop to maturity from the time 
germination is completed. More specifically, it includes the opera- 
tions of thinning, control of growth, cultivating, weeding, irrigating, 
hardening off, and top pruning. 

CARE DuRING GERMINATION 

The removing or raking down of ridges requires good judgment 
as to technique in performing the job and the time at which it is done. 
The high ridges thrown up over the seed rows in fall sowing should be 
partially removed as soon as the danger of premature germination is 
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passed. This is done to permit better heat penetration and aeration 
of the soil surrounding the seed. After this initial treatment, fall 
sowings are handled the same as spring sowings. 

A knowledge of the germinating habits of the individual species is 
essential if the nurseryman is to determine correctly the proper time 
to remove the ridge. Progress of germination in the nursery has a 
similar trend to that of germination in the laboratory, as shown later 
in table 22, except that it is frequently much faster under favorable 
conditions. When germination of the seed is largely completed within 
a short time after the initial germination takes place, no difficulty is 
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FigurE 26.—Typicai !aboratory germination of seeds after being properly 
pretreated. 

TOTAL GERMINATION (percent) 

involved. In such cases the ridge will be removed as the first sprouts 
reach the ground level. When the seed continues germinating at an 
even rate over a period of 2 to 4 weeks, however, as that of soapberry, 
bur oak, and honeysuckle (fig. 26), the removal of the ridge should be 
delayed until a fair share of the sprouting seedlings have progressed into 
the ridge itself. Although some losses may then occur, the resulting 
final stand will warrant this procedure. 

Removing the ridges is probably the most delicate and painstaking 
operation of the entire nursery season. An ordinary garden rake is 
the preferred tool in most cases, but small hand tools, in the use of 
which the laborer must get down on his knees, while considerably 
slower than the rake, result in a better quality of work and are there- 
fore justified under some conditions, especially for certain tender 
species such as lilac, The workman down on his knees can always 
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judge the proper depth, whereas if he is standing he may go too deep 
and break off the sprout, or uncover too little and leave the seedling to 
emerge through an excessive soil covering, in many cases causing con- 
siderable loss. 

The crusting of surface soil over the seed following rain or irrigation 
frequently presents a problem, especially in cases where the seed rows 
are not ridged or where germination is prolonged following removal of 
the ridges. As a solution, the Forest Service has devised a simple 
implement for pulverizing crusts, called the rotary crust breaker 
(fig. 27). This consists of a wooden cylinder enclosed in light-gage 

sheet metal and set 
with nails. The nails, 
punching a large num- 
ber of holes in the soil, 
effectively pulverize 
the crust without dam- 
age to the germinating 
seedlings. A series of 
spring-steel prongs 
meshing with the nails 
and pressing against 
the roller serve to clear 
the implement at all 
times. The 2-wheel 
push plow for carrying 
the roller is preferred 
to handles attached 
to the axis of the 
cylinder, since it per- 
mits readier adjust- 
ment of pressure to 
meet the varying hard- 

Fa) ness ol the ecustasslt 
Figure 27.—Rotary crust breaker for pulverizing also makes it easier to 

crusted soil over seed rows. pass Over any portions 

of the rows where the 
seedlings may already have emerged to a satisfactory stand. Use of 
the crust breaker provides all the cultivation necessary during germi- 
nation to aerate the soil, speed up germination, and possibly guard 
against damping off. 

If the nursery soil is quite dry, it should be irrigated before rather 
than after seed sowing, in order to store up moisture in the soil for the 
germination period. Irrigation will ordinarily not be necessary during 
the germinating period if sufficient soil moisture is available at the time 
the seed is sown, if proper cultural practices to conserve this moisture 
are followed, and provided prescribed practices are followed with 
respect to seed treatments to hasten germination. With overhead 
sprinklers the problem is simplified, but in heavy soils crusting and 
baking will occur following application of water. Furrow irrigation 
presents a greater problem, since an average of 2 to 3 inches is usually 
the minimum that can effectively be applied under this system in the 
best type of nursery soils. It is desirable, therefore, to follow prac- 
tices that will insure successful germination of the seed without 
irrigation, especially where furrow irrigation is’ practiced later on. 
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Should it become necessary to irrigate during germination, the 
minimum amount of water needed to soak up the seed area should be 
applied. To avoid washing out the seed, the water should be applied 
immediately adjacent to the rows rather than flooded over them. 
The formation of pools and standing water in slight depressions should 
be avoided. It is helpful to have the rows ridged to mark their loca- 
tion and to prevent washing out of the seed. 

THINNING 

If the stand following germination and early establishment is 
overdense, i. e., more than 8 to 12 seedlings per foot, it is good practice 
to remove the surplus seedlings. This will insure optimum develop- 
ment of the remaining seedlings and will in the end result in a higher 
total production of better quality stock. 

Thinning should logically be done during one of the early weedings, 
or as soon as the seedlings have started to develop a woody stem. 
Prior to becoming woody, the seedlings are still susceptible to heavy 
losses from diseases and insects. 

Insofar as possible, the smaller, weaker understory seedlings should 
be removed. The com- 
mon method of reduc- 
ing the stand density 
consists in pulling out 
the surplus seedlings 
by hand or cutting 
them out with knives 
or weeders. It is de- 
sirable to leave the 
remaining seedlings 
uniformly distributed 
over the entire seed- 
ling band. 

CONTROLLING SIZE AND 

QUALITY OF SEEDLINGS 

After the seedling 
stand is_ established, 
the nurseryman’s task 
is to focus his cultural 
activities on obtaining 
a large percentage of 
seedlings of optimum 
size and quality for 
field planting by the : 
end of the season, or, ee Te 
for those species that 
require it, at the end of 
the second season (fig. 
28). As previously 
stated, the preferred 
size of seedlings for FIGURE 28.— Undersized 1-year-old seedlings from a 
plains planting for the Sone Dakota nursery: A, Green ash; B, lilac; C, 

Sie ‘ iberian pea-tree. These species should be grown 
majority of the species 1% to 2 years in the nursery in the northern plains 
is a caliper of about — States to develop to premium size. 

F 342205 
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0.25 inch at a point 2 inches above the ground line. To this the 
nurseryman will add the quality objective of solid, woody, well-rip- 
ened stock with well-branched, compact root systems. 

In this endeavor, account must be taken of the long growing season 
in the South as against the comparatively short season in the North, 
and the rapid rate of growth of such species as Chinese elm and black 
locust in contrast with the slower growth rate for species like green 
ash and hackberry. In all cases, it is best to encourage full, unretarded 
growth during the first half of the season and to reserve the control 
measures for the latter half of the season. Otherwise the nurseryman 
may be faced with the necessity of forcing the seedlings in the latter 
part of the growing season, and so cause them to remain soft and 
succulent late in the fall and difficult to harden off properly. Such 
seedlings are more subject to injury from occasional early frosts, are 
more difficult to handle in storage, and are more subject to desiccation 
in drought periods, with consequent great reductions in survival. 

MOISTURE REGULATION 

With optimum stand density and soil fertility, control of growth 
becomes largely a matter of moisture regulation. If an abundant 
supply of soil moisture is well distributed throughout the season, 
erowth will be fairly consistent and, barring early frosts, will continue 
until late in the fall. Under such circumstances, the top growth rate 
of the seedlings may materially decrease during the heat of the summer 
but it will increase again during the cooler early-fall months, particu- 
larly in the Southern States. Therefore, for species that need to be 
held back or retarded, cultural practices open to the nurserymen 
during summer are: (1) Stopping all irrigation, and (2) hastening 
depletion of the soil moisture by discontinuing all cultivation, thereby 
packing the soil. Conversely, the opposite practices will force growth 
to continue. 

Certain species such as green ash, honeylocust, and coffeetree 
need to be forced continuously by irrigation and cultivation during 
the hot summer months. These species are prone to ‘‘set’’ their 
terminal buds upon the advent of unfavorable growing conditions; 
once these buds are formed, the seedlings seldom start height growth 
again until the next season. Therefore, careful and frequent checking 
of soil moisture in various parts of the nursery to a depth of at least 1 
and preferably 2 feet is essential. It is much more important to check 
moisture condition at many places in the nursery, even if only by 
estimation or rough field methods, than to obtain a very accurate 
record for one or two spots which may not be representative of the 
nursery as a whole. 

Moisture content of soil can be gaged by oven drying, by the use of 
various instruments, or by estimation. It has been found” that 
nurserymen can quickly learn to estimate closely the available 
moisture content of a soil by feeling of it and judging its cohesiveness. 
After such estimates are made, from samples taken to a depth of a 
foot from various places in the nursery, the samples are placed in 
tight cans or small glass jars with covers and later weighed. A 
portion of the sample is dried for 12 to 24 hours in an oven at 210° to 

14 STOECKELER, J. H. MEASURING SOIL MOISTURE CONTENT IN THE FOREST NURSERY. U.S. Forest Serv., 
Lake States Forest Expt. Sta. release. 4 pp. July 30, 1937. [Mimeographed.] 
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230° F., and its moisture content computed. The total moisture con- 
tent, represented by the weight of the moisture in the sample divided 
by the oven- -dry weight of the soil, can then be compared with the 
recorded estimate. After a number of trials, the estimates will be 
reasonably close. 

A quicker method of determining total moisture content than 
ovenization, described by Bouyoucos (2), consists in weighing the 
moist soil in a special cup, then pouring in an igniting alcohol to drive 
off the water, and reweighing the sample. Moisture content is 
computed as in the standard method of oven drying. The process 
takes only 10 to 20 minutes and is reasonably accurate in mineral soils 
containing less than 11 percent organic matter. 

A still simpler device for rough determination of the moisture 
condition of soil, devised by Livingston and Koketsu (2/), is a small 
hollow porcelain cone about 3 inches long with an absorptive area of 
almost 2 square inches. The cone, first dried in an electric oven or 
over some desiccating agent such as calcium chloride or sulfuric acid 
and weighed, is inserted in the soil to a desired depth, left for an hour, 
and reweighed to determine the amount of moisture absorbed. In 
dry soils about 0.1 gram of moisture is absorbed, in moderately moist 
soils about 1.0 gram, and in very moist soils about 2.0 grams. 

All soils have a certain amount of moisture which is unavailable to 
plants, and the percent of unavailable moisture (known as the wilting 
coefficient) must be subtracted from the total moisture content of the 
sample to obtain the available moisture content. If available soil 
moisture amounting to at least 4 to 6 percent of moisture in excess of 
the wilting coefficient is not maintained throughout the active growing 
season, poor growth and inadequate storage of reserve food in the 
nursery seedlings will certainly be the result. The quantity of un- 
available moisture in soil depends on texture; the finer the soil, the 
greater the amount of water held unavailable. Wilting point for 
nursery seedlings for several soils are: Sands, 2 to 4 percent; light sandy 
loam 4 to 6; fine sandy loam, 6 to 8; loam, 8 to 12; silt loams, 12 to 15. 

A simple but practical method of determining wilting point % 
is to grow the seedlings in a series of 10 to 20 pots for a period of 2 
months and then to discontinue watering. When the leaves show 
definite signs of wilting, measurement of an average sample of the 
soil from the zone of root development gives a close value of approxi- 
mate wilting point. 

Various other instruments are available which measure the water- 
supplying power of the soil (22), or which record total or available 
moisture on an instrument based on a tensiometer principle (32), but 
these require considerable care and attention and are not as practicable 
and simple as the methods listed here. 

ROOT AND TOP PRUNING 

Root pruning may be practiced to some extent on taprooted plants 
to hold back top development or change rooting habits. Summer root 
pruning is commonly practiced on walnut to force lateral root develop- 
ment. It is possible that other taprooted species might be handled 
advantageously by summer root pruning. A cool, cloudy day should 
be selected for this operation and it should be followed immediately 

15 Wilting points can also be determined by a quick field method based on cohesiveness of the soil (3) or 
by a more exact method involving use of a centrifuge (7). 
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by irrigation. Eight to ten inches is the customary depth for this 
type of root pruning. The usual tool is a sharp U-blade shrub digger 
with the lifter removed to prevent unnecessary disturbance of the 
seedling. 

Blocks which are to be handled as 2—0 stock can sometimes be root 
pruned to advantage at the end of the first growing season if it appears 
that it will be necessary to retard the growth during the second season. 
This also makes it possible at this time, in case of shortage of planting 
stock of the species concerned, to pull whatever seedlings of usable 
erade have been produced. Such root pruning if not done in the 
fall of the year may be done in early spring. The soil should be 
packed firmly following the operation. If the soil is dry, irrigation 
will be necessary for best results. Ridging up the soil against fall- 
pruned seedlings to a height of 2 or 3 inches will also be desirable. 
Six to ten inches is a satisfactory pruning depth. 

Top pruning to control size and quality of stock has been experi- 
mentally tried by several of the Forest Service nurseries, and for 
certain shrub species requiring 2 years of nursery growth it has 
proved itself worth while as a means of promoting low branching and 
retarding needless height growth. Top pruning does not appear 
necessary for most tree species, except in the few instances where 
prolonged or uneven germination has permitted a part of the stand 
to overtop and so retard the development of the younger seedlings. 
It has been suggested but not thoroughly tested as a means of forcing 
diameter growth in lieu of height growth on some species. 

CULTIVATION 

Deciduous nursery stock as a crop requires rather intensive culti- 
vation, for which two major purposes are recognized: To reduce com- 
petition, 1. e., remove weed growth; and to keep the soil in good 
physical condition, thus permitting aeration, normal bacterial action, 
and absorption of rainfall. Crusting and baking of the surface soil 
must be held to a minimum when normal growth is expected. 
Much of the success of cultivation will depend upon the physical 

condition of the soil at sowing time. Those soils which are naturally 
mellow or friable or which have been properly prepared, can be cul- 
tivated much more easily and to better advantage than soils that are 
hard, cloddy, or in a puddled condition. 

Cultivating tools should not go deeper than 2 to 3 inches; contin- 
uous deep cultivation, especially close to the rows, will sever the 
shallow spreading roots of the seedlings. 

Thoroughness of the cultivation job must also be stressed; a careless 
job may not only result in mechanical injury to the stock, but may 
destroy only a small percentage of the weeds and make their later 
removal more difficult. 

Timeliness in cultivation is equally important. Competing growth 
must be destroyed while it is in the seedling stage, preferably when it 
is less than 3 inches high. Excessive weed growth invariably makes 
cultivation more difficult and expensive and less effective, and will 
cause an unnecessary drain on soil moisture. Timeliness is also of 
major importance in improving the physical condition of the soil. 
To keep crusting, baking, or clodding at a minimum, the soil must 
be cultivated after each heavy rain or following every urigation, as 
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soon as it is dry enough so that the upper one or two inches can be 
brought into a fine, mealy crumb condition. 

The type and spacing of sweeps and shovels are important to assure 
a satisfactory job. Six-inch duck-foot shovels or 6-inch flat sweeps 
spaced so as to give full cut or cover are to be preferred in weed 
removal. Sharp, self-scouring tools are essential. Spike-tooth culti- 
vators are desirable where improvement of the physical condition of 
the soil is the chief consideration. 

Close row spacing in nursery operations demands a degree of ac- 
curacy and precision in cultural work not easily attained with horses; 
therefore, tractor power (fig. 29) is becoming increasingly popular in 
nursery work. Garden tractors, properly equipped, have proved 
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FIGguRE 29.—<A, garden tractor equipped with cultivator for small nurseries; 
B, multiple-row cultivator taking 4 rows at a time. 

very satisfactory; but larger tractors will do the job more economi- 
cally, since they can handle a number of rows at one time. Less 
turnrow area and reduced losses from trampling are other advantages 
of tractor cultivation. In addition, the convenience of tractors for 
intermittent jobs is a factor to be considered. 

Hand cultivation and weeding within or closely adjacent to the 
rows are necessary as soon as the machine cultivation between the 
rows has been finished (fig. 30). A wheel type of hoe is useful where 
the rows are narrow and straight. Hand hoes with the blade cut down 
to a 2-inch width are helpful in close work. These may be supple- 
mented by small hand weeders (fig. 31). 

IRRIGATION 

In irrigating deciduous nurseries the frequency of irrigation and 
amount of water needed will be dependent on available rainfall, soil 
type, growth habits of the species concerned, stand density, and size 
of stock desired. Climatic factors such as temper ature, wind velocity, 
and humidity are also important. For the most part, irrigation will 
be confined to a period of 1 to 2 months in midsummer. Without 
exception it should be tapered off in late summer and early fall to the 
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minimum quantity needed to keep the trees from actual drought 
injury. 
Tit eile having a retentive subsoil, the amount of water lost by 

underdrainage is small, and the effects of a fairly heavy irrigation may 
persist for as long as 2 to 4 weeks before additional water is necessary. 
Care should be taken, especially in midsummer and with fairly large 
nursery stock, to add enough water in any one irrigation so that the 
soil is well moistened to a depth of 2 feet. Two or three inches of 
water, depending somewhat on the relative dryness of the soil just 
previous to irrigation, may safely be applied on a medium-textured 
soil with a retentive subsoil. Watering should then be dispensed with 
until the trees show signs of needing more water. This procedure will 
force maximum root development and prevent the formation of a 
top-heavy plant. 

In sandy soils with a somewhat porous subsoil of fine sand, more 
frequent irrigation will be necessary and the quantity of water for 
one irrigation should be reduced to 1 to 2 inches. Amounts in excess 
of this will be lost through underdrainage. 

The volume of water apphed in any one irrigation will also depend 
somewhat on the time of year and the size of the trees. Smaller 
quantities will suffice and more frequent irrigations are needed on 
small trees that are just past the germination stage; at this time the 
seedlings have not developed the spread or depth of root system 
which they will attain by midsummer, nor is their water demand so 
oreat. 

The method of distributing the water—whether by furrows or 
overhead system—will also influence the amount of water applied. 
Since furrow irrigation does not distribute the water as evenly as an 
overhead system, more water must necessarily be applied by the former 
method. If the trees at the far end of a furrow are to be watered 
adequately, the water used invariably soaks up the end of the tree 
row nearest the lateral ditch more than is absolutely necessary, and 
some wastage thus occurs because of underdrainage. 

With ditch irrigation, fairly close control can be maintained over 
the amount of water to be applied by varying the head or volume 
going down the individual furrows. If a small quantity is desired, a 
large head should be used for a short time, since the water will then 
proceed rapidly down the furrows, thus limiting the time permitted 
for infiltration. If a thorough irrigation is desired, a small head of 
water should be run down the furrows over a considerably longer 
period. 

HARDENING OFF 

Hardening off the seedlings is a process largely controlled by 
weather conditions. A long cool fall season with an average amount 
of rainfall and number of frosts, the latter gradually increasing in 
intensity, represents the natural and therefore the ideal method of 
hardening off the seedling crop. Since he cannot depend upon such 
conditions, the nurseryman should strive to have his seedlings in 
condition to withstand the other extreme of abnormal rainfall and 
warm weather, followed by a sudden, killing frost. In the plains” 
region such fall weather conditions are not uncommon. 

When fall rains are not too heavy, moisture control, in the form of 
holding off all irrigation and ceasing cultivation, is the common, 
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F342796 

Figure 30.—Hand tools useful in weeding and cultivating after the power cul- 
tivator has done its work. 

1*0" WOOD HANDLE 

8" ROUNDED 

SIDE VIEW 

ff" 
7” LOOP 

DETHIL-OF STEEL BLADE 

Figure 31.— Detail of a hand weeder. 
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natural method of hardening off nursery stock. All cultivation and 
irrigation should generally be tapered off after midsummer and 
usually should cease entirely from a month to 6 weeks in advance of 
the average killing frost, the time depending somewhat on the water- 
retaining capacity of the soil and on the size of the stock. A gradual 
depletion of the soil moisture will bring about the hardening of the 
seedling tissues and cause cessation of growth. When growth has 
ceased and tissues have hardened seedlings can withstand fairly 
severe frosts without having the tops killed back. 

Such natural ripening processes are much to be preferred, but 
when they are rendered impossible by heavy fall rains, the only re- 
course is to such wholly artificial methods as spraying the seedlings 
with a copper sulfate solution to bring about defoliation, or digging 
and burying the seedlings in pits for several weeks to sweat off the 
leaves. Another method is to undercut or root-prune the seedlings 
with the ordinary U-blade digger with the lifter removed. Artificial 
ripening should be used, however, only as an emergency measure, 
when natural ripening has been delayed beyond the safety point be- 
cause of abnormal weather conditions. 

Spraying with copper sulfate solution causes a drying up of the 
leaves at a rate in proportion to the concentration of the solution. 
Parker (28) states that a solution containing 1 pound of copper 
sulfate to 50 gallons of water affects the leaves like a light frost, 
2 pounds per 50 gallons like a heavy frost, and 3 pounds will cause 
ripening of the foliage within a week. This method of hardening 
stock has been used to some extent in commercial nurseries. 

In the frequently used practice of digging the seedlings while in 
full leaf and burying them loosely in pits under several feet of soil, 
the seedlings are left for 2 to 3 weeks until the leaves loosen and can 
be detached easily by shaking or stripping. This method, while 
apparently safe, involves considerable extra handling and requires 
care that the seedlings are not left buried too long, to avoid heating 
or molding of the stock. 

Undercutting the seedlings to a depth of approximately 12 inches 
while in full leaf reduces the moisture-absorbing capacity of the root 
system and brings about a wilting and gradual drying of the foliage. 
Undercutting has been used by some commercial nurseries with con- 
siderable success, and in recent years by some Lake States nurseries 
in hardening-off jack pine. 

Tore Pruntne To INCREASE SURVIVAL 

Top pruning has not proved to be of any marked benefit in in- 
creasing field survival of deciduous stock which is reasonably well 
balanced but has in some instances increased sarvival of seedlings 
weakened by improper handling or having poor root systems, and, so 

‘far as known at this time, can be recommended for such stock. It 
has been observed that top pruning tends to induce lower branching 
and more compact growth during the first few years after planting, 
which is in many respects desirable, especially for the shrub species. 
It may result in certain tree species having a somewhat distorted 
form, but for windbreak planting the form of the tree is not regarded 
as being of primary importance. As a practical nursery measure it 
is desirable, since it reduces the bulk and thereby the cost of handling 
and planting the seedlings. ; 
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Length of top has been shown to be relatively unimportant from 
a survival standpoint. If trees and shrubs are top pruned, the length 
of top should be sufficient to permit the seedling to be easily visible 
after planting, in order to facilitate the cultivation job. It has been 
found that a top length ranging from 10 to 20 inches is adequate. 
Shrub species are cut back to 10 to 14 inches and tree species to ap- 
proximately 18 inches. 

Pruning back the stock while it is still in the nursery row is preferable 
to performing the operation after the seedlings have been tied in 
bundles. The advantages of this method of pruning are threefold: 

’ Reduction of bulk to be handled later; much greater facility in field 
grading; material aid in tying the bundles uniformly with the root 
collars on the same general level. 

Good results in top pruning have been obtained by using a com- 
mercial power mower so modified that the sickle bar would run in a 
horizontal position at any height from 10 to 20 inches. Ordinary 
grain binders can also perform the top pruning operation very 
effectively and have an advantage over the mowing machine in that 
the tops can be bundled and tied to facilitate their removal from the 
field. Cost of top pruning is practically negligible with these ma- 
chines. Hedge pruners have also been used with equally good 
results, but costs are higher with this hand method. 

The top-pruning operation should not take place until after the 
seedlings have naturally defoliated, or at least until after several 
frosts have occurred and the leaves can be readily removed by shaking 
the plants. Translocation of food from the leaves into the stem and 
roots takes place as long as the leaves remain securely attached to 
the plant and their premature removal would rob the tree roots of 
some stored food. 

SPECIAL METHODS OF GROWING PLANTING STOCK 

The nursery methods detailed on the preceding pages, involving 
propagation from seed, without shade, in rows from 18 to 40 inches 
apart, will serve for most species grown for plains planting. There 
are a few species, however, which require shade, and some which are 
normally propagated from cuttings. A few species like cottonwood 
need not necessarily be grown in the nursery but can be collected from 
sandbars along streams. 

PROPAGATION IN BEDS 

A few deciduous species grown for plains planting are so delicate in 
early life that they are best grown in beds where they can be given in- 
tensive care and can readily be protected from sun and wind. Syca- 
more is probably the outstanding species in this group. A number of 
other species, notably lila¢ and serviceberry, make very slow growth 
the first year, and because of their small size require rather careful 
handling during the entire first season. These are frequently grown 
in beds the first year and then transplanted into the open field the 
following spring. 

Beds may be of any convenient length, but a width of 4 feet is 
recommended as facilitating shading and weeding. Drilled rows or 
narrow bands spaced 6 inches apart and running lengthwise of the bed 
are preferred. Broadcast sowing is an alternative method. 
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Lifting of the stock can be done either by hand or with the type of 
tree lifter which removes an entire bed at one time. This lifter is 
generally pulled by means of a cable which is wound up on a drum 
attached to a tractor set at the end of the bed. 

Various methods of shading beds are available. A satisfactory 
method is to place the slats at a height of 12 to 18 inches above the 
beds, on two lengths of No. 9 galvanized wire. The wires, on each side 
of the bed, are about 40 inches apart, held up by intermediate stakes 
and crosspieces or light wooden horses straddling the bed 12 feet apart, 
and are tightened by turnbuckles. Snow fence is generally preferred 

F 342194 

FiaurE 32.—Snow fence stretched on longitudinal wires supported at 12-foot 
intervals by crosspieces joining stout stakes. The fence is shading small lilac 
seedlings grown in beds at Fremont, Nebr. 

to lath frames for shading (fig. 32). If a large quantity is needed it 
may pay the nurseryman to make it up at the nursery instead of pur- 
chasing it. 

Some form of sprinkling system must be resorted to for irrigation of 
stock grown in 4-foot-wide beds, since furrow irrigation is usually not 
practical. If water is available under pressure and less than an acre is 
in beds, garden hose and lawn sprinklers will be sufficient. For larger 
areas recourse must be had to stationary or movable overhead 
sprinklers. 

TRANSPLANTING 

Species grown in seedbeds are always transplanted after one season 
to allow more room for growth and to produce a better root system. 
The seedlings are lifted in the spring, and after being sorted to discard 
the usual 10 or 15 percent of culls, the plants are root-pruned to a 
length of 6 inches and taken to transplant shelters. These shelters 
are light, portable frames covered with canvas or burlap, and are kept 
within 30 to 60 feet of the transplant trenches to reduce waste motion. 
Under the shelters the seedlings are threaded into a wood or aluminum 
transplant board 8 feet long and holding 48 trees spaced 2 inches apart. 
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Since small deciduous seedlings with little top are likely to slip out, 
each inner face of the transplant board is lined with a thin strip of 
sponge rubber one-half inch wide and one-eighth to three-sixteenths 
inch thick, to provide a firmer hold on the stems of the seedlings. 
Details on construction of transplant boards have been given by 
Olsen (27). The threaded transplant boards are placed in the trench 
to the proper depth and the trench is filled by dragging in loose soil 
and caving in the side walls. 

In some nurseries the transplant trench is hand-made with trencher 
of a commercial type, consisting of two sheets of steel from 24 to 30 

F365793—36579 

Figure 33.—Trencher used in nursery transplanting in operation. Trencher 
blade is constructed of 2 pieces of %.¢-inch plow steel welded together in front 
and attached to tool bar of tractor by means of curved cultivator shank. Di- 
mensions of one side of blade are as follows: Bottom length, 30 inches, top 
length, 20 inches, depth below flare, 10 inches, reinforcement bar at bottom is *% 
by 3 inches. Trench is 1 inch wide at bottom and 2 inches wide at top. A series 
of small knobs may be welded along the rear edge of the trencher blade, if the 
trencher has too great a smoothing effect. A, Trencher in action; B, close-up 
of trenching tool. 

inches long and 10 to 12 inches high, welded together to form a long 
wedge-shaped tool. A sturdy handle of galvanized iron pipe is 
attached, and, in use, the instrument is jabbed into the ground by 
stepping on it. On withdraw al, a wedge-shaped trench is ‘left about 
10 inches deep and 1.5 to 2 inches wide at the top. The trencher is 
operated by one man, and where the soil is quite sandy, good produc- 
tion is attained. 

In heavy soils, the hand trencher is not favored because of low 
efficiency, ‘and because it leaves smooth, shiny side walls which may 
open up in very dry weather or through frost action. In the heavier 
soils the tractor-drawn trencher of the type shown in figure 33 is 
preferred because of higher production, and because of the fact that 
the wider trench leaves room to pack in loose soil between the tree 
roots and the opposite side wall. By doing this, the cracking open 
of the trench by drying or frost action is largely avoided. 

Spacing between rows is either 21 or 27 inches in nurseries where 
furrow irrigation is used. In nurseries equipped with an overhead 
irrigation system, however, and where a Smith tree lifter is available, 
a TOW ehaeine as epee as 10 to 14 inches has been sufficient. 

29787 
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With the machine method of trenching and in the average nursery 
soil found in the prairie-plains, a crew consisting of 2 threaders and 1 
planter can transplant from 12,000 to 24,000 trees per 8-hour day. 
This is the equivalent of 500 to 1,000 trees per man-hour. 
A comparatively new development is a four-row unit consisting of 

four parallel trenchers mounted on the tool bar of a Uni-carrier pulled 
by a tractor. This device assures absolutely uniform row spacing and 
permits multiple-row cultivation, which cannot be done readily when 
rows are lined out with a single row trencher. 

Transplanting is also used as a method of saving medium-sized 
trees which are not cull stock. Sometimes adverse growing condi- 
tions will prevent a block of seedlings from attaining normal size by 
the end of the first year. In case of stock shortage, it is often neces- 
sary to take the best 20 or 30 percent of such a block for use in field 
planting and to grade out the remainder into liners, or medium-sized 
trees for transplanting, and culls. 

Even though careful grading is practiced to avoid including the 
inherently weak plants, planting stock produced from liners is gen- 
erally regarded as being less desirable than seedlings which have 
attained usable size during their planned nursery cycle, and is only 
justified as being less expensive than a new crop of seedlings. The 
nurseryman determines the selection of species to be lined out by one 
or more of the following guides: (1) If seed is unusually expensive, as 
that of bur oak, or if no seed is available owing to crop failure; (2) if 
the species is difficult to bring through the germination period, as 
mulberry or Russian-olive; (3) if growth rate of the species is so slow 
as to require that seedling stock remain in the nursery 2 years to 
attain usable size. Lilac and honeysuckle are outstanding examples 
of this class. Transplanting lilac liners, which can be expected to 
attain usable size in one additional season will save a year’s time. A 
notable exception to the last group is green ash, which is so easily 
propagated from seed that the saving of liners is not generally feasible. 

In the nurseries located in the Dakotas the growing season is so 
short that American plum is one of the few species grown from seed 
that will consistently produce a high percent of plantable seedlings 
in 1 year. In these nurseries the practice of growing 2-year-old stock 
is being adopted for almost all species. Green ash, hackberry, 
Siberian pea-tree, American elm, bur oak, and chokecherry are planned 
for 2-0 production. Lilac and honeysuckle are invariably grown for 
1-1 stock. With Russian-olive, Chinese elm, boxelder, and cotton- 
wood there is a choice of growing the stock either as 2-0 or 1-1 age 
classes. There is an indication that with use of the four-row trencher 
and refinements in transplanting technique there will be some trend 
toward growing some of these species in fairly dense beds for the first 
year to a height of 6 to 10 inches and lining them out the second year 
for 1-1 production. 

PROPAGATION BY CUTTINGS 

Some deciduous stock, such as poplars, willow, and certain strains 
of tamarix, has been grown from cuttings (fig. 34). This method of 
propagation is ordinarily limited to those species which root readily 
from cuttings and are difficult to propagate by seed. For most 
species, planting stock propagated from seed is generally considered 
less expensive and the quality superior to that grown from cuttings. 
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Out of a number of possible methods, hardwood (dormant wood) 
cuttings and root cuttings are most commonly used for propagation 
outdoors. Neither requires bottom heat, shading, or the great care 
which is essential for softwood (summer wood) cuttings. 

Recent discoveries in propagation have demonstrate ‘d that material 
benefit may be obtained from the use of so-called growth hormones, 
which have the effect of promoting root development, thus assuring a 
higher percentage of rooted plants and better stock. The most satis- 
factory rooting stimulants found to date are indoleacetic acid and 
indolebutyric acid. They react differently on the various species, 
but either if used in excess may cause damage to the cuttings. The 
general method in practical use is to obtain cuttings in early spring and 

Zo 
F365518 

FicgurE 34.—Tamarix propagated in the nursery from cuttings. 

to soak the lower end for 1 or 2 days in a solution consisting of 5 to 
20 mg. of the growth hormone eae in | liter of water. For some 
species, concentrations as high as 50 mg. to | liter have been used, but 
it is generally safer to use a lower concentration and to extend the 
time of treatment. 
Hardwood cuttings are best taken in the fall or winter, preferably 

from 1- and sometimes 2-year wood; 8 to 10 inches is a satisfactory 
length. Tied into bundles of convenient size, the tops are dipped for 
about an inch or so in a solution of whitewash as a convenient means 
of ready identification, and the bundles are then placed in moist sand 
storage at a temperature of 35° to 50° until planted, or buried in out- 
door pits below the frost line, preferably in well-drained sandy soils. 

Cuttings taken in the spring have not always proved satisfactory 
since they have a tendency to leaf out in advance of rooting and conse- 
quently to exhaust their vitality and succumb before the roots have 
become established. No doubt, hormone treatment of such cuttings 
will aid in obtaining a higher percent of successful rooting. It remains 
to be determined experimentally whether such treatment is justified, 
however, in view of the fact that cuttings of tamarix, willow, and 
poplar, taken in fall or early winter and stored in damp sandy soil, 
have rooted quite successfully in the spring. 
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Hardwood cuttings can be planted in either fall or spring. If 
fall planted, they should be ridged over with soil as is done with the 
seed rows. Spring planting, however, has given better results and is 
preferred by most nurserymen. Spring-planted cuttings can also be 
ridged over if leafing out is not immediately expected, but the ridges 
should be removed as soon as the buds start unfolding. The Forest 
Service nurseries have followed the practice of planting the cuttings 
about an inch apart in drill rows in soil that has been loosened by 
trenching or subsoiling. Thorough firming of the soil around the cut- 
tings and immediate irrigation if the soil is dry, are necessary steps to 
assure success. Cuttings should be planted to a depth that will leave 
one bud or approximately 1 inch of top exposed above the ground 
level. 

Root cuttings are often used in the propagation of lilac. Cuttings 
2 to 3 inches long are made during the fall and early winter from the 
larger roots of older plants. Root diameters of one-fourth to one-half 
inch have proved satisfactory. These cuttings are held in moist sand 
over winter in outdoor pits and planted early in the spring. They may 
also be fall planted. Planting is accomplished by opening a furrow 
to a depth of 2 inches, laying the cuttings horizontally in this furrow, 
and covering them with a ridge of soil, the same as is done with seed 
rows. Lilac can also be propagated by summer cuttings as described 
by Yerkes (41) to obtain specially desirable types, but the considerably 
lower cost of propagation from seed apparently will preclude any wide- 
scale use of summer cuttings. 

WiILpIncs AND Root SUCKERS 

Wildings are used in lieu of nursery-grown stock for several of the 
species planted in the prairie plains. Cottonwood, lilac, tamarix, 
and currant can be used fairly successfully as wildings. Of these, 
cottonwood gives best field survivals. 

Cottonwood wildings are occasionally scarce and those available 
are quite likely to require heavy culling because of borer infestation, 
injury from stock grazing, or other factors. As a measure of safety, 
therefore, the Forest Service nurseries are adopting the practice of 
crowing at least a portion of their cottonwood requirements from seed. 
Nursery-grown cottonwoods are generally cleaner and thriftier plants 
than those collected as wildings. Transplanting has been found to 
assure a higher survival of small cottonwood wildings. If transplanted 
to the nursery for a year, these wildings develop a better root system 
and become more drought hardy. 

Lilac and currant might properly be classed as root suckers rather 
than wildings since they are obtained by separating the root suckers 
from around the edges of older bushes. Figure 35 illustrates the better 
type of lilac root suckers. This species, however, gives better field 
survival if grown from seed for 2 years in the nursery. 

Cottonwood and tamarix are usually obtained from river sand 
bars and flats along the borders of lakes. These species seed naturally 
in late spring and by fall have usually reached a usable size, although 
in some instances, particularly in the northern States, 2 years may be 
necessary. They are ordinarily dug in the fall, and subsequently 
handled the same as nursery stock. When the ground is wet, the 
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F342208 

Figure 35.— Lilac root suckers obtained from edges of old lilac bushes. 

l-year wildings may be pulled readily without the aid of tools, but 
2-year wildings will often require the use of a spade or shovel to loosen 
the roots. In some instances U- or L-shaped nursery digger blades 
have been used successfully for this purpose. 

A device known as a wheel puller (fig. 36) has been found to be of 
material aid in collecting wildings. This consists of a small-size tire 
rim of old-model cars to which is attached a pick handle by means of 

¥%-inech steel U-bolt. One end of 
the U-bolt is welded to the inner 
face of the rim and the other end, 
to which the handle is swiveled, 
projects over the outer face of the 
rim. In use, the wilding is clamped 
between the lower end of the handle 
and face of the rim and lifted by 
the rolling action of the wheel when 
pressure is applied to the upper end 
of the handle. 

SUMMARY OF NURSERY 
OPERATIONS 

Information of value to the nurs- 
eryman regarding the season to sow, 
sowing technique, germination rate, 
and growth rate after germination, 
for the various shrub and tree species 
suitable for planting in the ssh 
plains region, is given in table 22, 
together “with additional comment 
on the germination and growth hab- 
its peculiar to the several species. 
Particulars regarding the effects of 
rodents, imeecte! and disease, not 
included in table 22, are given sub- ,, : 

. . ites oe nN: FicgureE 36.—Pulling cottonwood 
sequently in the discussion of seedling ~ \ildlings with specially devised 
protection. wheel puller. 

F354487 
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NURSERY INVENTORY 

In order that nursery and field planting activities can be properly 
coordinated, an inventory must be made to determine the probable 
nursery production in various blocks and species of stock. 

To determine the approximate percent of count necessary in deciau- 
ous nurseries, and also the length of counting plots, a 100-percent 
count was made of all the seedlings in 9 rows, each 600 to 700 feet long, 
and the number recorded foot by foot. The number of seedlings per 
lineal foot of row ranged from 0 to 40 but fell mostly between 4 and 12 
per foot. By means of a statistical analysis of the data, made by R. H. 
Blythe, Jr., of the Lake States Forest Experiment Station, a 1-foot- 
long counting plot was found to be satisfactory; and for an average 
block of 5 to 10 acres to the species, a total of 250 to 300 1-foot plots 
well distributed over the block invariably insured an accuracy of 
+10 percent. From 900 to 1,000 plots were required for an accuracy 
of +5 percent. In other words, on a 10-acre block with a space of 
about 2 feet between rows, a 1-foot counting plot taken mechanically 
every 200 feet in all rows would usually give the desired inventory 
within +5 percent. This amounts approximately to a 0.5-percent 
count. If anumber of species are involved, a separate count should be 
made for each species. 

Where blocks of stock are comparatively small, or where there is a 
considerable lack of uniformity of stand, best results have been ob- 
tained by taking mechanically a 1-foot counting plot every 100 feet. 
This is the equivalent of a 1.0-percent count. It is very important 
that the counting plots do not appear on lines across the direction of 
the rows but that they have a dispersed pattern. This can easily be 
assured by using a steel tape or rope of 100-foot length to locate the 
counting plot and by using a cumulative total of counting plots ob- 
tained by going down one row and doubling back on the next row. 

If the seedlings have a density ranging from 0 to 12 per lineal foot, 
the accuracy is considerably higher with the same percent of count. 
Analysis of data taken where this range of density occurs indicated 
that a count of 250 plots selected at random gave accuracy within 
+5 percent and that 100 to 150 plots gave an accuracy within +10 
percent. 

Care should be taken in laying out the 1-foot counting plot so that 
only the seedlings within the 1-foot distance are counted. For this 
purpose a foot rule is used or a counting frame is made. The latter 
consists of a wooden or metal bar with two 6-inch-long tapered spikes 
orrigid thin metal rods fastened to it parallel to each other, 1 foot apart, 
and at right angles to the longer bar. This frame is pushed up against 
the seedling row so that the spikes or rods project through to the other 
side, thus sharply delineating the ends of the 1-foot-long counting plot. 

If counting plots are selected at random, bias should not enter into 
the location of the plot, and it should be a strictly random sample. 
The practice of some commercial nurserymen in making the counts 
on zig-zag lines roughly representing two diagonals drawn through 
the nursery block of a given species is fairly satisfactory, but generally 
will not give so high a degree of accuracy as the mechanical sample 
taken at 100- to 200-foot intervals. | 



NURSERY PRACTICE FOR PRAIRIE-PLAINS PLANTING 105 

LIFTING AND FIELD GRADING 

The operation of lifting and field grading requires careful planning 
and good crew organization if it is to be accomplished with maximum 
efficiency. 

If the soil is quite dry, it is considered good practice to irrigate the 
trees from | to 3 days in advance to put the soil in best condition for 
digging and to prevent the stripping of roots that is unavoidable in 
hard, cloddy soil. Such irrigation is especially necessary on heavy 
soils; sandy soil is generally reasonably friable and will not break up 
into large clods even when dry. 

LirtTinG PRACTICE AND EQUIPMENT 

Dormant deciduous seedlings may be dug with safety at any time 
during the fall or spring. In the southern part of the plains, lifting 
can also be done in the winter. If lifting is delayed until just before 
planting, the seedling is exposed to less danger than if it is dug earlier 
and held in storage during the winter months; but on the other hand, 
digging delayed until spring demands quick work, since deciduous 
seedlings do not long remain dormant after warm weather sets in. 
In practice, most deciduous nursery stock is dug during the fall 
months after the stock has become dormant and shed its leaves. In 
the northern plains States some stock may be left for spring digging, 
but in the more southerly States, where planting may be carried on 
throughout the fall and winter, fall or winter digging is practically 
mandatory. 

Fall digging is preferable because it allows the seedlings to be 
graded, counted, and assembled ready for delivery as soon as conditions 
permit planting. In addition, it clears the land for the next crop, thus 
permitting ground preparation and fall sowing of certain species. 
Spring operations can get under way early in the season, resulting in a 
better distribution of be work load. Since the fall season is short, 
especially in the northern States, it 1s good practice to get digging 
operations under way as early as possible in order to complete the 
job before freezing weather occurs. Ordinarily, when the nursery is 
producing a variety of species, it will be possible to start digging soon 
after the first few frosts, taking first such species as green ash, catalpa, 
and honeylocust, which shed their leaves readily after having been 
frosted; following with those seedlings which are practically dormant 
after the early frosts but retain their leaves for another 10-day or 
2-week period; and reserving to the last, species like Chinese elm, 
Russian-olive, chokecherry, and lilac, which retain their leaves tena- 

~ciously until late in the fall. Although not considered a desirable 
practice, the leaves may be hand-stripped or otherwise removed in 
order to complete digging before freezing weather stops all work. 
Removal of leaves can readily be accomplished with an ordinary 
garden rake the metal parts of which are wrapped with strips of cloth, 
rubber from inner tubes, or twine to prevent injury to the bark of 
the seedlings. 
A number of the commercial diggers with U-shaped blades are 

quite satisfactory for undercutting seedlings. The most desirable is 
an 18-inch shrub digger on a wheel chassis. The wheel-chassis type 
has proved more satisfactory than the straight-beam type since the 
proper depth of undercutting can be more uniformly maintained. 
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A sharp blade with a lifter attachment is essential, although in loose 
soils the lifter may be removed. Tractor power ‘has proved to be 
more satisfactory for pulling diggers than animal power.. Generally 
an ample and more uniform pull is assured without the inconvenience 
and delay caused by frequent resting of the horses or mules. (Fig. 37.) 

The digger should be set to run at a uniform depth of approximately 
11 inches, since this root length has been found convenient and of 

F 356932 

FicgurE 387.—U-blade tree digger mounted on tool bar of tractor. Depth of 
undercutting is gaged by adjustment of levers on tractor. Blade is raised or 
lowered by power lift. Blade is constructed of %6»- by 6-inch plow steel, rein- 
forced at top where fastened to cultivator shank. Blade is 28 inches deep 
and inside width above bottom curvature is 10 inches. Rear bolt hole is 1 
inch lower than front, thus giving blade necessary tilt. 

adequate length for plains planting. If the lifter is set for a greater 
depth, additional pruning of the longer roots will be necessary. A 
clean sharp cut at time of digging will permit the cut ends of the root 
to heal up properly in the heel-in bed. Following the undercutting 
operations, the seedlings are pulled, long lateral roots are cut to 
convenient planting size, and the trees are graded, counted, and tied 
in bundles. 

GRADING ‘TECHNIQUE 

Grading the stock in the field and selecting only the usable seed- 
lings greatly simplifies and speeds up the entire operation and dis- 
penses with double handling of the stock. The usual commercial 
practice in the plains region is to place the seedlings in a storage 
building immediately after pulling, and to perform all subsequent 
operations under cover when time is available, with a few specially 
trained men. Since commercial practice demands that the seedlings 
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be graded in a number of size classes, this procedure is the most 
feasible and economical. The Forest Service, however, has adopted 
a single usable grade, with consequent simplification of the commercial 
practice, making possible a field-grading technique which not only so 
reduces exposure time of seedlings as to preclude injury but also 
considerably reduces the cost of the operation. 

Deciduous seedlings can be exposed to the air longer than conifers 
without being injured, and 
Alba H. Briges of the 
Prairie States Forestry 
Project has found that most 
nursery seedlings exposed 
jor 2%to 3 hours on the 
surface of a plowed field 
showed no drop-off in sur- 
vival in field plantations. 
Wilding cottonwood and 
mulberry, however, were 
adversely affected by more 
than an hour’s exposure. 
Present technique in Fed- 
eral nurseries in the plains 
is such that seedlings are 
not exposed more than 5 to 
15 minutes. 

The general technique 
developed for field grading 
is outlined in the series of 
steps given below, one man 
performing one only of the 
steps involved. Although 
operation 2 is necessary 
only for a few species, it 
must in these cases be per- 
formed on the individual 
seedlings before they are 
bunched or bundled, if the 
laterals are to be removed 
effectively. 

The five or six operations ha 
follow one another in logical Figure 38.—The first operation in field grad- 
sequence and, therefore, the ing: Pulling undercut nursery seedlings. 

system lends itself readily 
to efficient crew organization. Occasionally, when conditions permit, 
steps 1 and 3 can be performed to advantage by one man. When 
step 2 is omitted, a unit crew of nine men can work three rows at a 
time very efficiently, operations 1 and 3 being performed by three 
men each, one on each row, and operations 4, 5, and 6 being handled 
by one man each working all three rows. An average output of 3,000 
usable seedlings per man per day can reasonably be expected of a large 
crew of 30 to 40 men if they are properly organized and supervised. 

1. After being undercut, all the seedlings regardless of size are 
pulled, soil and Jeaves shaken free, and trees laid down crosswise on 
the row behind the puller as he progresses up the row (fig. 38). 
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2. Lateral roots exceeding 4 to 5 inches in length are cut back to 
this length by the second man, who follows behind the puller with 
hand shears or knife. 

3. Grading and counting is performed in one operation by the 
grader, who selects the usable seedlings in bunches of 10 from those 
spread out before him. As each bunch of ten is deposited on the 
ground, he proceeds to select and count 10 seedlings for the next 

bunch. Usable seedlings 
— are selected largely on the 
| a basis of caliper of stem and 

development of root sys- 
tem. Seedlings with badly 
stripped or broken root 
systems or split stems are 
rejected along with the 
undersized trees. It will be 
found that certain men can 
learn quickly to estimate 
with surprising accuracy the 
caliper of seedlings and in 
short order develop an 
appraising eye in selecting 
usable stock. More details 
on the basis for field grading 
of nursery stock will be 
given later. 

4. Following the grader, 
an assembler groups the 
bunches of 10 seedlings into 
bundles of 50, the number 
that has proved to be the 
most satisfactory to handle 

; for 1- or 2-year-old stock 
FIGURE 39.— Methods of tying seedling bundles: used in windbreak planting. 

Left, bundle tied twice with the single-wrap g : 
tie; right, bundle tied once with double- OMe care 1s necessary to 
wrap tie. keep the root collars even 

in each bundle. The bun- 
dles of 50 are then carried to the tier for tying. The assembler also 
groups the ungraded smaller trees into bundles and carries them to 
the tier. These are heeled in separately so that the better trees may 
later be selected for lining out. 

5. The tier twists moisture-resistant tarred lath yarn twice around 
the bundle (double-wrap tie) or once around (single-wrap tie), 
preparatory to heeling in (fig. 39). He must vary his method to fit 
best the sizes and shapes of the bundles, and especially to avoid 
bruising the bark of the seedlings. 

The double-warp is preferred for a single tie, since 1t will withstand 
more handling than the single-wrap tie and is also less likely to 
bruise or girdle the bark of the seedling when drawn tight. For 
average seedling sizes of most species one good double-wrap tie per 
bundle near the root collar is sufficient to prevent the bundle from 
coming apart when handled. For larger bundles, two single-wrap 
ties, one near the root collar and one near the top of the bundle, 

F 342198 
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should be used. For species having a heavy root system, such as 
walnut, coffeetree, and soapberry, two ties, one below the point of 
heaviest root caliper and one near the top of the bundle, are helpful 
to prevent loosening. Two ties should be used as little as possible, 
however, since they cause very compact bundles, which do not keep 
as well in overwinter storage as bundles tied above the roots only; 
in the heel-in beds it is harder to get soil in contact with the center of 
tight bundles. 

6. The seedlings are heeled in temporarily until transported to the 
place of storage. Because the seedlings are seldom if ever watered 
in the temporary heel-in beds, the soil should be firmly tramped 
around the roots and the entire bed should be mounded over with 
soil, leaving only a few inches of top exposed. 

Some nurserymen will find it convenient to pick out the marginal 
grades also and heel these in separately from the premium grades. 
In case of stock shortage, the trees in the marginal grade may be 
shipped and planted in the more favorable sites where moisture con- 
ditions are better. Sometimes the marginal grades are transplanted 
in the nursery to get them up to larger size the second year. 

PRACTICAL VALUE OF CALIPER IN GRADING DECIDUOUS SEEDLINGS 

A relatively low top-root ratio has long been regarded as a very 
important criterion in selecting conifer planting stock. Top-root 
ratio, as used by nurserymen, indicates the “‘balance’’ of a seedling, 
the relation of the weight of the entire top including foliage to the 
weight of the root severed at the ground line, on either a green or an 
oven-dry basis. It should not be confused with stem-root ratio, the 
weight of stem without leaves divided by weight of roots, or with 
leaf-root ratio, the weight of the leaves divided by weight of roots. 

To provide a comparison of these criteria of balance as employed 
on deciduous stock, table 23 presents top-root, leaf-root, and stem- 
root ratios for four species grown in a North Dakota nursery. It 
will be seen that there is a fair correlation between the criteria, and 
that for these species the values fall in ascending order by all six 
methods. The table would further indicate that as a practical field 
method, ratios expressed on a fresh-weight basis are satisfactory, 
since they correspond quite closely with the oven-dry values. 

TABLE 23.—Comparison of several criteria of balance in hardwood nursery stock 

Top-root ratio ! Leaf-root ratio ? Stem-root ratio * 

Age class and species Geane Oyen: Sa 
Fresh rte Fresh dey Fresh ary 

weight weight weight weight | ™ eight | weight 
ee = 

AE Di Dt: ie ee See eee ees 0. 74 0.71 0. 53 0. 49 0. 21 0. 22 
SA CnOKPCRETTYy=0 2 = oe eee ee 1.72 1. 57 1. 22 1.05 . 50 . 52 
SOOM ASE at Sore oe 7 WSS OY rhe 2. 40 2. 23 * 1.68 1.48 . 12 By (3) 
SS AHSSIAM OVE. = 82) Se ee 4. 55 4.32 2. 47 2. 48 2. 04 1.83 

1 Weight of stem + leaves 2 Weight of leaves 3 Weight of stem (without leaves) 

Weight of roots Weight of roots Weight of roots 
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The best conifer planting stock usually has ratios of 1:1 up to 3:1. 
Stock with higher values than 3:1 does not usually survive so well 
in the field, although this figure will vary somewhat by species and 
depends on the total weight and caliper of the plant. Poorer survival 
in stock with a high top-root ratio is partially attributed to the rela- 
tively large transpiration area in proportion to the absorbing area of 
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Figure 40.—Stem-root ratio of various caliper classes of 1-year-old nursery and 
wilding stock; the cottonwood and tamarix were wilding stock, and other 
species were nursery grown. 

the roots and the consequent difficulty in supplying adequate moisture 
for the plant under stress. 

Deciduous nursery seedlings usually have lower values than conifer 
stock. In figure 40, giving measurements of 14 species of deciduous 
trees, and 2 shrubs, it will be noted that almost all of the stock had a 
ratio of less than 1:1. The smallest with the best stem-root ratio had 
the poorest survival, while the largest trees with a ratio slightly poorer 
than average had the best survival. From this evidence, it was 
concluded that stem-root ratio was of little use in gaging the quality 
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of deciduous field-planting stock, and that caliper and total weight 
of the seedlings were much more important.” 

Because caliper of stem is considered the best and most practical 
basis of grading deciduous nursery stock, the nurseryman should 
instruct and train his field graders as to the caliper specifications for 
each species. In case only one plantable grade (includes premium 
and marginal sizes) is considered for field planting, the process is 

100 

SURVIVAL (percent) 

1/16 2/16 3/16 4/16 5/16 6/16 

CALIPER OF STEM (inches) 

Figure 41.— First-year field survival in a drought year of various caliper classes 
of stock within the same height class. The walnut and catalpa are in the 
8- to 12-inch class, the mulberry in the 18- to 24-inch. 

very simple, and the men can easily learn to estimate caliper, especially 
in the smaller size classes, to the nearest sixteenth or thirty-second of 
an inch. 
Some nurserymen have used height of top as a basis for grading 

nursery stock. While this is a fairly good basis, it is not as foolproof 
as caliper of stem. This is indicated by the curves in figure 41, which 
show that survival percent in a given height class varies considerably 
over a range of calipers. 

In summary, itmight be said that stocky, sturdy seedlings of good 
caliper are much preferred to tall, spindling stock of poor caliper. 

At what point on the stem seedlings should be calipered is a moot 
question. At 1 or 2 inches above the ground line or root collar, it is 

"16 Tt is conceivable that heavy watering or fertilizing of the stock in dense stands might produce seedlings 
of adequate caliper, but having a very poor root system and stem-root ratios as high as 3:1 or 4:1. Such 
stock would probably have poor field survival. However, if the nursery practices recommended in this 
publication are followed as regards stand density and proper use of water, it is almost impossible to get 
seedlings that are seriously defective because of poor balance. 
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possible to inventory standing trees in the nursery in late summer and 
determine roughly the probable amount of usable stock which the 
nursery will produce. Some nurserymen for various reasons use the 
root collar or thickened portion of the plant just below the juncture 
of stem and root as a point of calipering. One advantage of this 
method is that some species, especially shrubs, which do not develop 
a definite central stem, if calipered above the ground line would be 
classed as culls in spite of satisfactory total weight and root develop- 
ment. Table 24 gives the caliper relationship of measurements at 
the root collar, and at points one-half, 1, and 2 inches above it for 
2 different sizes of trees for 10 common deciduous species. It will be 
noted that there is a more rapid taper in such species as walnut, 
catalpa, and coffeetree than for honeylocust or Osageorange. The 
amount of taper may be influenced somewhat by soil and by density 
of seedlings in the row but seems to be correlated much more closely 
with the species. Caliper relationship of other sizes of trees can be 
obtained by plotting caliper 2 inches above the root collar as the 
abscissa on coordinate paper and the higher caliper values on the 
ordinate. The 2 plotted points for any one species can be connected 
and projected, and other values can be read from the straight line 
drawn through the 2 points. Thus a black walnut seedling calipering 
=, inch at 2 inches will measure % inch at the root collar. 

The point where stock is measured may seem unimportant, but it 
must be kept in mind that one-sixteenth inch difference in caliper 
specifications may represent as many as 20 percent of the seedlings, 
especially in the slower-growing species. 

TABLE 24.—Relation of caliper at 2 inches above root collar (in thirty-seconds of an 
inch) to calipers at other points on the stem of 1-year-old nursery seedlings 

When caliper at 2 inches above | When caliper at 2 inches above 
root collar is 4.0 root collar is 6.0 

epee 1 ineh 4 ineh 1 inch ¥% inch ine ine ine l4 ine 
above root | above root Root col- | above root | above root Heat col- 

collar collar Z collar collar an 

Blacks ee ae eee 5.0 6.2 7.8 1.3 8.7 10. 5 
INorthernicatalpaees2 sas sas er yy 6. 2 7.8 le 8.8 10.5 
Cofleetreer= Se sesamin 4.5 5.0 6.5 6.5 7.6 9.4 
ZAM CT Catan ease ee ee 4.8 5.7 7.0 | 6.9 8.0 9.4 
Blacks lOCUS tse sae ae nents ins 4.6 5.5 6.7 | 6.7 Unt 9.1 
Greenkashias si. ee ee 4.8 5.8 6.4 7.0 8.1 8.9 
Chineselelimy = ts a2 ease ee re AMY 5.6 6.4 | 6.7 7.6 7 
RUssianemiullbernyeee see i 4.4 4.8 | 6.3 6. 6 | Une | 8.5 
FLOME yi OC US tana er 4.7 5.0 | 5.6 6.8 8 8.3 
Osage-oran gee: ee eee ee 4.4 | 5.0 5.8 6.5 TeX) | 8.0 

| 
GRADING STANDARDS FOR VARIOUS SPECIES 

The only logical criterion for grading nursery stock is field survival 
of various sizes of stock over a period of years. In order to set up a 
orading standard, the Forest Service conducted a rather compre- 
hensive experiment near Mangum, Okla., in 1936, in which over 
20,000 1-year-old seedlings involving 14 different species were care- 
fully graded into various sizes and then field planted (36). For most 
species there were 10 or more lots of 100 trees each. Survival counts 
were made at the end of the first year and data were obtained on the 
height growth and vigor of the surviving seedlings. 



NURSERY PRACTICE FOR PRAIRIE-PLAINS PLANTING 113 

Every individual seedling was measured for height (from ground 
line to tip of stem) and caliper and put into a specific grade. Caliper 
was obtained in sixteenths of an inch at a point 2 inches above the 
ground line, in order to make these measurements comparable with 
those already presented regarding the effect of density of stand 
(number of trees per lineal foot of row) on the size of stock produced, 
which were also taken at 2 inches from the ground. Weights were 
also measured on 25 to 70 representative seedlings of each species to 
obtain data on the relation of caliper to weight, the stem-root ratios, 
and the effect of top pruning on balance, and weight-caliper curves 
were drawn. MHeight-caliper curves were drawn based on 100 to 300 
measurements for each species. Both sets of curves are shown in 
figure 42. The indication is that seedlings vary in form and taper 
according to species, some being short and stubby, others long and 
slender. 

The results of the first-year field survivals for representative species 
are shown in figures 43 and 44. A few irregularities in survival are 
attributable to differences in soil and the cultivation given after 
planting. An examination of the bar charts brings out a definite 
relation of size of planting stock to field survival. Small grades of stock 
below %.-inch caliper are generally culls, trees between %.- and %.-inch 
caliper are marginal grades, and those above *%.-inch caliper are prem- 
ium grades for most species. (Fig. 45.) 

Small trees of slow-growing species, or those with medium growth 
rate in the nursery, have a higher survival than trees of the same caliper 
class in fast-growing, succulent nursery or wilding stock. For 
instance, a honeylocust, Osageorange, or American elm seedling of 
%.-inch caliper had a bettersurvival than the same size tree of Chinese 
elm, cottonwood, or catalpa. For practically all species, stock with a 
caliper of %.-inch, the best size for field planting, gave uniformly 
good survival. 

There are, besides survival, a number of advantages in favor of 
sturdy plants of good caliper. For one thing, they grow better and 
more vigorously than small stock. For instance, seedlings of black 
locust in the %.-inch-caliper class had an average height of 29 inches 
at the end of the first season after field planting; whereas, those of 
*.-inch caliper and over, even after having been top-pruned to 6 inches 
at time of planting, had an average height of 50 inches. This 
stand will close earlier, and cultivation can be dispensed with in 
a shorter time. 

Larger trees are less likely to be plowed out or buried during culti- 
vation. On very sandy areas they are not so likely to be injured by 
the blowing away of soil from the roots or by having the bark cut 
away by the moving sand. Survival examinations in Oklahoma 
showed rather high loss in small seedlings where the rows crossed over 
sandy knolls, mostly from the blowing away of several inches of soil 
from the roots. In large stock the loss was much lower. 

Again, their greater supply of stored food aids the larger plants to 
establish their root systems sooner, making them less susceptible to 
midsummer droughts and other ill chances. Examination of the root 
systems of 1-year-old seedlings in the middle of the first season in the 
field showed that large planting stock had a much wider spread of 
roots and usually had penetrated deeper than small stock. In case 

297878°—41—_—_8 
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Figure 43.—Relation of caliper and height class to first-year field survival of 
seven species of nursery stock in a drought year, in sandy and heavy soils. 
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the trees are defoliated in early summer by insects, the large plant 
still has enough reserve of food left in the roots to put out a second crop 
of leaves, whereas small plants may not have the necessary reserve 
and will suffer severely from a single defoliation. 

On the basis of field survival obtained in the experiment and a 
knowledge of caliper-weight relationships for the various species, 
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Figure 44.—Relation of caliper and height class to first-year survival of six 
species of nursery stock in a drought year, in sandy soil only. 

grading recommendations have been set up for 14 species as shown in 
table 25. Survivals to be expected of the premium grades in average 
years are 70 to 99 percent; of the marginal grades, 40 to 70 percent; 
and of the culls, 5 to 40 percent. In years of normal rainfall the grades 
here classed as marginal would probably have good survival, but to 
get consistently high first-year survivals most of the nursery stock 
should fall in the premium grade. If it is necessary in years of low 
nursery production to use a certain percent of trees in the marginal 
grades, only the larger seedlings should be used, and success will then 
depend upon exceptionally favorable moisture conditions in the field. 
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Much the best policy is to follow nursery practices—mainly proper 
watering, correct density of sowing, and use of appropriate age 
classes—which will assure the maximum production of trees in the 
premium grades. 

The grading standards, of course, apply to seedlings to be planted 
in climatic conditions such as occur between the 97th and 102d 
meridians. ‘To make a general rule, one could say that at the eastern 
edge of the plains, because of more favorable moisture conditions, it 
would be safe to plant some of the smaller stock of the marginal grade; 
while in the drier sections, especially in the western half of the plains, 
only the larger, sturdier, and better-balanced trees of the premium 
grades should be planted. 

TABLE 25.—Classification of nursery stock on the basis of field survival 
in a drought year 

Premium grades | Marginal grades Culls 

ae 
Species Pearce Mini- | | Mae Maxi- Maxi- 

mum eeen | Caliper | ae mum eect mum 
caliper ! weight caliper weight height 

Inch | Ounce | Inch Ounce Inch Ounce Inches 
Osaceorangel=2=e ae eee 542) 0.4 | 342-442) 0.2 -0.4 342 0.2 8 
Honeylocust=2 22 ee= see $%2| .4 36282). ed alee 342! oe 6 
Green ashe. i225. 22 hase ee ee 849) a4 442-982) 2 — .4 449) sD 6 
Soapberrys-J- =) 2 ane 642! .4| 4%2-542} .2- .4 449) 50 6 
Blacklocust. =o eee 89 5 Foz Seni | 22d 449] a2. 6 
‘Rexas walnut. == sessee= oe ees 89 SEN Spell P= 6 be 449) ne 6 
Hackberry. 2 ees 840 a) RTE! 6 ok 420 ae 10 
Amernicanielima= ===) eae Yo |) see A= oe 4% a2 8 
Russian mul benny 2.2 eee 840 5 F32—9/32|| 20> 1d 440 . 25 12 
Desentwalloweesse ene ey) S|) expe) BS ow 442) SY 12 
Chinesetelm=-2 = Se ee o\ .8| %2-542) .25- .8 449) 5 16 
Silver: maple 22422 eso = ae ¥2) 5 TEA) 4 = 3h 542! A205 10 
Catal pans = -.22-2 Sas eee 142 5 yao—Seo| . 20— . 5 549 . 25 6 
Wilding cottonwood_--_--____-_- Yao “G9 9 2a2—-042|\eeo) wom 342] 3 18 

1 The upper limit for caliper in all species in the premium grades can be set at 1342 inch. Trees above 
that caliper show good survival but are so large as to reduce planting speed materially. 

In all cases, trees which are classed as culls should be discarded. 
It is considered extremely poor policy to use the cull grade in field 
planting, no matter how urgent the need is for stock. It is also con- 
sidered poor policy to transplant cull stock for an additional year in 
the nursery, if the stock represents the poorest 10 or 20 percent of a 
block of seedlings which was produced under favorable growing con- 
ditions and which had germinated uniformly. Such stock includes 
most of the seedlings which are defective from a hereditary viewpoint, 
and these weaklings will probably succumb shortly after being field 
planted. On the other hand, if a high percentage of the trees in the 
block are undersized because of shortage of moisture or natural slow 
growth rate, the seedlings can be left for another year in the nursery. 
An alternative would be to undercut the seedlings in the tree rows, 
pull the plantable stock, and leave the rest in place to grow into the 
2-0 age class. 

WINTER STORAGE AND SHIPPING OF NURSERY STOCK 

Fall-dug nursery stock which is not immediately planted must be 
stored over winter to hold it in readiness for spring planting. The two 
methods of storage commonly used are inside storage and heel-in or 
outside storage. The Forest Service has found heel-in storage to be 
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the more successful in that, if properly done, it affords less chance of 
molding or drying loss. 

INSIDE STORAGE 

Inside storage is of chief advantage to commercial nurseries which 
use the winter months for grading and assembling orders, since it 
affords ready access to the stock at any time during the storage 
season. Its greatest disadvantage is the large outlay required to con- 
struct and operate a suitable building. The essentials of a nursery- 
stock storage building are adequate rack and working space and 

< oe ws Eon se 
-. : > : ee 

i 

F342199 

FicuRrE 46.—Winter storage of seedlings, Fremont, Nebr. 

proper insulation and construction for the control of temperature, 
humidity, and aeration (fig. 46). Laurie and Chadwick (20) 
describe in detail the construction of storage buildings. 

Temperatures in the storage building should be near freezing to 
hold the seedlings dormant for many months. A temperature range 
from 34° to 38° F. is most satisfactory, and even 30° may be permitted 
if the stock is well covered with packing material. In addition to 
holding the stock dormant, low temperatures reduce the rate of 
respiration and keep fungi inactive. In a well-insulated building 
desired temperatures are readily maintained by correct ventilation 
technique. During spring and fall months the temperature in the 
storage sheds may be reduced by opening ventilators at night, or 
whenever outside temperatures are below those inside, and closing 
them when the opposite condition exists. In milder winter days 
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when it may be necessary to raise the temperatures occasionally, the 
ventilators should be opened during the day when outside tempera- 
ture is above freezing, and closed at night. 

The best humidity for stock storage is 85 to 90 percent. If lower 
than 85 is permitted, the stock may shrivel, and if above 90, molds 
and other storage diseases may spread. Proper moisture content is 
best maintained by relative humidity of the air rather than by contact 
with moist packing material. Humidity can be reduced by opening 
of ventilators or increased by sprinkling the walls and floors with 
water. A daily check should be made with a wet-and-dry bulb 
psychrometer or hygrometer to determine the relative humidity. | 

Figure 47 illustrates a desirable plan of an inside storage room 
that can be varied to suit the dimensions of any warehouse. The 
individual sections are 4 feet long and separated by 2 by 4’s. In 
general, 4-foot, or preferably 6-foot aisles are necessary to permit the 
workmen to move freely. A space of about 6 feet is allowed between 
the first tier of stock and outside storage walls, varying with the effec- 
tiveness of the insulation; but it is best to keep the stock well away 
from the outside walls, especially in northern States. An 18-inch free 
space for ventilation should be left between the inside walls and the 
first tier of stock, also between the adjoining tiers. 

Figure 48 illustrates a convenient method of setting up the tiers 
for racking the seedlings, patterned after the system in use at the 
Plumfield Nursery at Fremont, Nebr. Since no nailing is required 
the racks can be set up readily with no breakage of lumber. The 
shelving is quickly and easily inserted by means of the shelf hook. 
The shelves permit the racking of the seedlings from floor to ceiling 
without excessive pressure at any point and facilitate separation of 
the various species and grades. 

The seedlings are racked with the roots out and tops in. Tops 
may be allowed to overlap if aeration is provided, if they are clean of 
leaves, and if they are not exposed to dripping moisture. 

Although it is not necessary to pack the roots where the storage 
humidity is properly maintained, they should be protected with a 
hight covering of shingletow or sphagnum moss as a safeguard against 
fluctuation of temperature and, to some extent, variation in humidity. 
If the packing material is soaked in water and then allowed to drain 
before using, it will retain sufficient moisture to make frequent sprink- 
ling unnecessary in a storage shed where a proper range of humidity 
is maintained. 

OUTSIDE STORAGE 

Outside heel-in conditions vary widely from north to south in the 
prairie-plains region. In the southern prairie-plains States, the 
eround seldom remains frozen for any great length of time and heel-in 
beds may be opened and stock heeled in or removed as needed, with 
very little delay because of frozen ground. Farther north, where the 
ground remains frozen over winter, the stock must be heeled in before 
the ground freezes and remain in the beds until the spring thaw. 

The essentials of a satisfactory heel-in site are (1) sandy soil, (2) 
adequate drainage, (3) ready accessibility to an all-weather road, 
(4) a convenient warehouse or other suitable building large enough 
for assembling orders and packing out stock for planting. Water, 
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12" 12" * 4" CONCRETE 
FOOTING WITH NOTCH 
FOR 2°x4" UPRIGHT 

Z 

DETAIL OF SHELF HOOK 
MAKE BOTH LEFT-HAND 
AND RIGHT-HAND HOOKS 

Figure 48.—Method of setting up racks for inside storage of nursery stock. 
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preferably under pressure, is desirable but not essential. If the 
other requirements are met, the site will require very little water 
which can be hauled in as needed. 

A deep sandy soil with adequate surface and subsurface drainage 
is of first importance, since the soil is the storage medium for the 
stock. Sandy soil when washed in or firmly tamped settles closely 
around the seedlings, filling up all the larger air pockets. With 
adequate drainage, a sandy site will not become waterlogged, thus 
making it possible to heel in or remove stock at any time that the 
eround is not frozen. A further reason for selecting well-drained 

Cm5S% 4 34d AALO OY 

FicgurRE 49.—Outsize storage in heel-in beds. 

sites is that alternate freezing and thawing of waterlogged heel-in 
beds may cause serious damage to the stock. 

In such a heel-in storage plot as that shown in figure 49, the length 
and number of individual beds are limited only by the space available. 
Figure 50 gives the lay-out of a plot containing six beds 10 feet wide 
and 150 feet long. Beds of this width will generally accomodate 20 
bundles of 50 seedlings, or 1,000 seedlings, in each row, thus simpli- 
fying all stock records. One such bed, of,which six are shown in the 
plan, allows approximately 1,500 square feet of bed space, and accomo- 
dates about 150,000 seedlings of usable size. 

A 40-foot turnrow should be left at the end of the beds, and a 
16-foot roadway on both sides of each 2-bed unit to facilitate loading 
and unloading of trucks. An 8-foot alley left between the two beds 
in a unit permits increasing the width of the rows when more than 
10 feet is necessary to accomodate 20 bundles. This alley will also 
allow for drainage and working space, and furnish a source of soil 
for mounding over the beds. As a matter of convenience in getting 
around the beds, a 3- or 4-foot cross path is made every 50 feet. 
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Figure 51 illustrates the technique followed in heeling in seedlings. 
A trench about 3 feet wide is dug across the full width of the bed with 
a back wall slope from the vertical of 30° to 45°. The depth of the 
trench should be sufficient to accommodate the roots of the seedlings 
without curling when the trees are laid on the sloping backwall with 
the root collars 1 or 2 inches below the original ground level. 
Twenty bundles of seedlings are laid close together against the 

back wall of the trench. Soil from the forward wall or bottom of the 
trench is then shoveled 
against the seedlings 
and firmly tamped, 
building up a new 
back wall about 8 
inches in front of the 
first and sloping at 
approximately the 
same angle. The men 
should use their feet to 
pack the soil around 
the roots. An aline- 
ment pole is placed 
across the bed in line 
with the new back 
wall. <A piece of 1- 
inch iron pipe will be 
found very  satisfac- 
tory for this purpose. 
The purpose of the 
pole is to prevent the 
individual bundles in 
the second row from 
being forced out of 
line and to enable the 
entire row of bundles 
to be pushed forward 
if necessary, during 
the process of firming 

Figure 50.—Plan for a heel-in storage plot of six thesoil about theroots. 
150 by 10 foot beds, accomodating approximately This procedure is re- 
900,000 seedlings. peated for each suc- 

ceeding row of bundles. 
The beds may then be crowned over with soil, leaving the top one- 

third or one-half of the seedlings exposed (fig. 51, #). The crowning 
over of the beds assures adequate covering of the seedlings, in addition 
to providing drainage to carry off excessive moisture in the form of 
rainfall. 
When insufficient soil-moisture content necessitates watering the 

beds heavily following heeling-in, in order to settle the soil closely 
about the seedlings, care must be taken to avoid overwatering, 
especially if drainage conditions are not perfect. If no water is 
applied, closer attention will need to be paid to tamping the soil about 
the seedlings. To accomplish this best, the small space between the 
rows of bundles should be thoroughly packed betore the beds are 
crowned over. 
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FiGuRE 51.—Steps in heeling in nursery stock: A, A trench 3 feet wide with a 30° 
to 45° slope from the vertical on the back wall; 6, bundle of seedlings placed 
with root collars 1-2 inches below ground line (indicated by twine binding); C, 
first row packed in and new back wall ready for second row; D, position of aline- 
ment pole; #, trench filled with four seedling rows. 

In the southern and central parts of the plains region, where freezing 
and thawing alternate and drying winds commonly occur during the 
winter months, the beds can be covered with straw in late fall to 
protect the tops of stock from drying. The straw cover will also 
prevent the ground from freezing and will give access to the stock at all 
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times. This is a desirable feature, especially in Oklahoma and Texas 
where field planting is carried on throughout most of the winter 
months. 
When trees in heel-in beds respond in the spring to rising soil 

temperatures and leaf out and begin growth, precautionary measures 
are necessary to hold them dormant until planting preparations are 
completed. The fundamentals of such procedure lie in keeping direct 
sunlight from the beds, thereby retarding the rise of ground tempera- 
tures. In the northern plains, stock can be held dormant in the heel- 
in beds by covering the beds in winter with 1 or 2 feet of packed snow. 
If the snow is then covered with a thick layer of straw, the beds 
reserved for late spring planting will remain frozen as long as desired. 
The snow and straw covering should be extended well out from the 
edge of the beds, to prevent thawing out from the sides, and should be 
put on after the frost has penetrated the ground from 3 to 6 inches. 
In the spring, the beds will thaw out rapidly after the straw cover is 
removed, and shipment of trees can begin at once. 

A simple adaptation of this method is to heel-in the trees on a strip 
of ground 30 to 50 feet wide on the lee side of a 4-foot, slat-wire fence. 
A snowdrift will form over the trees, and its melting can be retarded 
in early spring by covering the drift with straw. Stock so retarded 
will leaf out very rapidly after the snow melts and the straw cover is 
removed, perhaps because of the abundant moisture from the melted 
snow. If growth must still be retarded the stock should be moved 
at once into a drier section of the heel-in site. 

In the southern Plains the ground seldom freezes deeper than 6 or 
8 inches and snow is seldom available for holding seedlings dormant. 
It is necessary to shade the beds with burlap or snow fence while the 
trees are still dormant. It is important to remember that the main 
purpose of the shading is to hold down soil temperatures. To 
expedite work and aid in ventilation, the shade should be high enough 
to allow easy working space below it. 

As a last resort, and in case the trees in heel-in beds do start leafing 
out and it is known that they will not be planted for some time, it is 
advisable to move them from one bed to another; this will serve to 
check growth for some little time. 

PACKING AND SHIPPING 

Stock used in shelterbelt planting is first transported from each 
individual nursery to heel-in beds in each planting district for over- 
winter storage and subsequent shipment to the planting areas. In this 
operation, bulk shipments by either trucks or rail are satisfactory. 
Rail transportation in refrigerator cars equipped with heaters is 
especially advantageous in the late fall or early spring to prevent 
freezing of stock in transit. Long-distance transportation is also best 
accomplished by rail or by large trucks if the amount of stock involved 
will amount to a full car or van. Large van shipments have an advan- 
tage over rail shipment since they can be loaded at the nursery and 
unloaded at the district heel-in beds, thereby avoiding extra handling. 
When stake-body trucks are used, they should be lined on the sides with 
a tarp, plywood, or similar material to prevent drying out of stock. 
Thoroughly saturated shingletow should be used liberally in packing 
the bundles into the truck and heavy canvas tarpaulins should be 
lashed over the top of the load. 
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When stock is to be shipped from the central storage or heel-in 
grounds to the planting site, orders are sent in to the shipping point 
in advance, specifying the date planting is to begin. The orders list 
the species and amount of stock required for each individual field 
planting. The night before the stock is to be planted, the shipping 
force packs into crates, directly from the heel-in bed, enough trees to 
keep all crews busy the entire day. It is desirable to mark each crate 
with a tag showing species, age class, number of trees, and seed source, 
in case various sources are involved. In most cases age class and seed 
source need not be recorded on each tag if the stock in each species 
used on a given district is all of single species and age class. The 
crates used in shipment are of such a size as to be easily handled and 
also to serve as seats for the planting crew. 

SEEDLING PROTECTION 

In the nursery and in the process of distribution, seedlings are more 
susceptible to injury or loss from a variety of causes than at any 
later time in the field. Concentration of large quantities of nursery 
stock in heel-in beds and in storage sheds increases the probability of 
loss. Intensive protective measures are important at these stages, 
both because of the immediate values involved and because future 
work plans depend upon the stock being available in specific amounts 
at a definite time. 

It is considered good policy in growing large quantities of nursery 
stock to allot production to several medium-sized nurseries separated 
by some distance, rather than to concentrate all production in one 
large nursery. Then if a localized catastrophe, such as disease, in- 
sects, or a hailstorm, strikes a single nursery and seriously disrupts an 
entire season of field planting planned on a minimum production 
schedule, the blow to the planting program will be less severe than if 
the stock were concentrated. 

Protection of seedlings involves guarding against loss by four major 
eroups of factors, meteorological, entomological, biological, and 
pathological. The chief meteorological factors which cause loss in the 
nursery are wind, heavy rain, heat, drought, hail, and frosts. For 
most of these, certain measures can be taken to prevent or minimize 
damage. 

WIND 

Wind adversely affects seedling production chiefly (1) by uncovering 
the seed and seedlings and blowing them out of the ground, or covering 
over or burying them; (2) by causing mechanical injury from particles 
of sand sweeping along the ground and cutting the small seedlings 
near the ground line, or sand blasting the tender foliage or cotyledons; 
(3) by accelerating depletion of the soil moisture; and (4) by intensify- 
ing the drying effect of high temperatures on the plant tissues. 

Protection from wind is most important during the germination 
period and early life of the seedling, since this is the time when maxi- 
mum injury occurs. On nursery sites with fine-textured soils, which 
are not protected by permanent shelterbelts, considerable benefit may 
be obtained from the use of snow fences placed at intervals of 50 to 200 
feet at right angles to the direction of prevailing wind. Closer spacing 
is needed on sandy soils. 
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Protection from soil movement may also be obtained by cultivating 
in a manner that will leave the ground rough or ridged. A ridge of 
soil thrown over the seed rows will appreciably reduce the danger of 
the seed being uncovered (fig. 52). Because the destructive hot winds 
so damaging to young seedlings come generally from the south, nurs- 
erymen run the rows in an east-west direction whenever the lay of 
the land permits, to break the sweep of the wind near the ground. 

If at all possible, nursery sites should be located so as to take ad- 
vantage of natural or artificial tree windbreaks (fig. 53). In planning 

F 360359 

Figure 52.—Ridging of seed rows and use of snow fence aid in giving winter 
protection to fall-sown seed. 

a permanent windbreak of trees for a nursery site in the plains region, 
provision should be made to enclose the area at least on the south, 
west, and north sides from which the damaging winds usually come; 
the east side may also be enclosed to advantage. The intensive pro- 
tection afforded by a windbreak has been shown to extend out on the 
leeward side to a distance of 10 to 15 times the height of the wind- 
break. Windbreaks should therefore be spaced in such a manner as 
to provide reasonably good protection when the trees are 10 to 20 
years old. This means that the parallel belts should not be farther 
than 660 feet apart, and less on unstable sandy soils. 

Annual plants—such as sorghum, cane, sunflower, and Sudan grass 
have been tried as windbreaks in many nurseries in the plains region, 
but results are disappointing. The plants are of little help to the 
seedlings during the early critical period because of lack of height at 
that time. Another disadvantage is that they sap the soil moisture 
and stunt the seedlings in the nearby rows. If used at all they should 
be planted adjacent to irrigation ditches where their sapping effect will 
not be so evident. 
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Rain AND HaIL 

The beating action of the rain in heavy downpours or of hail fre- 
quently causes loss of young seedlings through breakage of the fragile 
stems. Heavy rains may also wash the soil on slopes and expose the 
roots of seedlings or may bury the seedlings under mud and silt. 
Seed may also be washed out or buried so deep as to prevent germina- 
tion. In some cases, pools formed in low areas drown out the seed- 
lings. 

Judicious site selection will in a large measure prevent damage 
from heavy rainfall, except that which occurs just as the seedlings 

F329682 

Figure 53.—A portion of Forest Service nursery near Pierre, S. Dak., showing 
protection afforded by native cottonwood, green ash, and redcedar. 

are germinating. Slopes exceeding 2 percent, which may wash appre- 
ciably, should be avoided. Low, undrained spots which permit 
formation of Jarge puddles should be filled in by a grader. 

In case a heavy rain has buried or partially covered recently ger- 
minated seedlings, it is advisable to get on the area as soon as possible 
and uncover the tops of any seedlings which may be held down by 
soil, before smothering or rotting takes place. This rotting effect is 
especially serious on leaves of young Russian-olive seedlings, and 
plains nurserymen have devised a tractor-drawn rotary brush to 
remove soil from the foliage of the young plants. 

In the plains region, hail storms are of frequent occurrence but 
generally of comparatively limited spread. The nurseryman can do 
little to prevent hail injury. Where seedlings are grown in beds, 
covering them with close-mesh wire screens or lath shades is effective, 
but this is not a practical measure for large-scale nursery operation. 
The desirability of avoiding “hail belts’ in locating nursery sites has 
already been stressed. 
ats 4 8 



130 MISC. PUBLICATION 434, U. 8. DEPARTMENT OF AGRICULTURE 

Heat 

Heat, unless associated with drought, will not have any serious 
effect on well-established seedlings, except to retard growth. It is 
common knowledge that young seedlings that are in the process of 
germinating or that still have succulent stems, are particularly sus- 
ceptible to high temperatures even though adequate subsoil moisture 
is present. Such injury may appear either as heat lesions on the 
stem at the ground line, or burning of the leaves and succulent tops. 
The logical solution of the problem of heat injury is to use nursery 
technique that will produce sturdy woody stems as early in the 
season as possible. 

Shading and irrigation by overhead sprinklers are helpful in reduc- 
ing damage from heat, but shading is not a practical measure in large 
deciduous tree nurseries unless the seedlings are grown in beds. 
Sprinkling may have to be done twice a day on soils of low water- 
holding capacity. 

For a dark-colored, loamy sand nursery soil in North Dakota, it 
was found that 1% hours of overhead watering, starting at 12:10 p. m., 
reduced soil-surface temperatures from 125° to 96° F. on a day when 
the air temperature in the shade was between 100° and 106°. The 
hourly record was 103°, 117°, 119°, and 107° respectively at 2, 3, 4, 
and 5 p.m. On the unwatered areas the temperature at the surface 
remained around 125° until 4 p. m., but dropped to 110° by 5 p. m. 
Six-week-old seedlings of ponderosa pine in this nursery showed 
definite heat lesions on the southwest side of their stems when soil- 
surface temperatures exceeded 120°. It is believed that the tem- 
perature at which plants will suffer injury depends not only on the 
length of exposure, age, and development of the species but also on 
the nature and size of the soil particles and color of the soil. 

Heat injury to nursery stock is always more prevalent in coarse, 
sandy soils than in fine-textured soils, even in cases where soil tempera- 
tures are not essentially different. This appears to be due to the 
ereater reflection of heat from the sandy surface, and higher conduc- 
tivity of the sandy material. The lower water-holding capacity of 
the very sandy soils makes it necessary to watch surface temperatures 
more closely; heat injury may occur as soon as the surface quarter 
inch of soil has dried out, even though there is abundant moisture 
below the surface level. 

During the prevalence of high temperatures in 1936 in the plains 
area, heat injury caused considerable loss in the nurseries, especially 
where no overhead irrigation was available. Furrow irrigation failed 
to distribute moisture on the surface of the soil either rapidly or 
evenly. Fortunately, such extremes of temperature are the exception 
rather than the rule, and it is not considered justifiable to install 
overhead systems to cut down severe heat losses occurring only at 
such wide intervals. 

Observations indicate that stand density in seedlings growing in 
narrow bands has little effect in preventing heat losses during the 
critical period of emergence and establishment. The main advantage 
of denser stands is that there is less mechanical injury from wind and 
beating rains. After passing through the initial critical period, how- 
ever, stands of average density (8 to 12 seedlings per lineal foot), 
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because of their larger leaves and more rapid growth, will as quickly 
afford mutual protection as the overdense stands of 30 to 40 seedlings 
per foot. 

Foliage appears to give the most protection to the stems of the 
plants from the direct rays of the sun if the rows are in line with the 
sun in midafternoon, when temperatures are highest. In a few 
nurseries it has been observed that heat injury was reduced if the 
rows ran in a north-to-south or northeast-to-southwest direction. 
Slope of the land will govern row direction, however, wherever furrow 
irrigation is practiced. Even where overhead irrigation is used, the 
row direction will probably be influenced more by the direction of 
prevailing wind during the growing season than by the possibility of 
heat injury. 

Drovucat 

Injury from drought occurs in nurseries when the soil moisture is 
depleted to such an extent that the moisture cannot be absorbed by 
the roots of the seedlings at the rate required to offset the moisture 
lost by transpiration. This results in wilting and if prolonged will 
cause the death of the seedlings. High temperatures, low humidity, 
wind, and intense solar radiation will increase the rate of transpiration 
and will intensify the injury caused by low soil-moisture content. 
When adequate natural rainfall does not occur, restoration of soil 

moisture by irrigation is an absolute necessity to prevent serious 
drought injury. An adequate irrigation system is an indispensable part 
of the physical equipment of any nursery located in areas where peri- 
odic droughts occur. 

FRostTs 

Killing frosts in late spring or early fall are of relatively common 
occurrence in the plains region. Proper nursery practices, such as 
delaying spring sowing until danger of frost injury to germinating 
seedlings is past, are the best safeguard against normal frosts. No 
wholly practical safeguard exists against the occasional severe late 
spring or early fall frosts. 

If a sprinkling system is available, it should be turned on during 
cold nights to reduce or prevent damage. This is the most feasible 
protective measure that can be suggested for nurseries equipped with 
overhead irrigation. 

Smudge pots, such as are used in California orchards to create an 
insulating blanket of smoke, may possibly have some effect on the 
prairie plains, if topography and air conditions are favorable. They 
have not been tried to date. 

Mulching or covering the seedlings with straw will prevent injury 
from late spring frosts where stock is grown on a small scale in beds, 
but it is not practical for large nursery operations. 

Tops of seedlings may suffer severe killing-back by frosts but, unless 
the root crown is injured, such seedlings will sprout from the root collar 
the next spring and establish new stems. Thus it can be said that the 
root crown or collar (for species which do not sucker from the roots) 
is the heart of the seedling. When it is dead the seedling is dead, 
regardless of the condition of the other parts. Covering the young 
seedlings with soil for 24 to 48 hours will ordinarily not prove harmful, 
and where warning is given soon enough this may greatly lessen the 
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damage. A better method, however, of preventing outright killing 
of the stock consists of ridging soil against the trees in the fall. At 
the time of the last cultivation, the throwing of a 3- or 4-inch ridge of 
soil against the stems of the seedlings will insure protection of the root 
crown against injury. Such hilling-up may be easily accomplished 
with a disk-shovel attachment to the cultivator. 

LossEs OccuRRING AFTER LIFTING 

The losses which occur after the nursery stock has been dug are 
influenced by weather conditions, such as drying or freezing, but are 
chiefly due to human failure to take the necessary precautions. 

Since the handling of deciduous stock in distribution does not re- 
quire the painstaking care to avoid exposure of the roots of the seedling 
that is necessary with conifer stock, the 10 to 15 minutes required in 
the distribution procedure already outlined allows an ample margin 
of safety. 

Occasionally shriveled roots and bark indicate seedlings that have 
been unwittingly exposed in transit or in handling to such a degree that 
injury from drying has resulted. This does not necessarily mean that 
the seedlings are dead or need be discarded. If the stock is covered 
with moist packing material for several days and soaked down with 
water or buried in moist soil for several days or the roots are placed in 
fresh water, the trees may absorb sufficient moisture to revive. If 
the stock has not been dried too much, the cells will again become 
turgid and the seedlings will have most of their normal vigor restored. 
If the seedlings do not return to their normal condition after several 
days and the roots begin to discolor and slough off, the trees are dead 
and should be discarded. 

It is well known that the roots of plants are more subject to injury 
by freezing than the tops, and freezing of the roots of seedlings at some 
point during the handling process is a common cause of damage. 
Frozen stock should be thawed out gradually, with as much moisture 
present as is possible and with a minimum of handling. Properly 
thawed out, they will in many cases show no evidence of injury. If 
injury has occurred, it can sometimes be detected by a discoloration of 
the cambium layer of the roots. If the frozen stock is on a truck, the 
safest procedure is to drive the truck into a cool shed (40° to 60° F.), 
add additional packing material, sprinkle with cold water, and allow 
to thaw out over a period of several days. Cold water added from 
time to time will assist in drawing the frost from the trees. It is 
advisable to heel-in such seedlings in moist soil for a week. If the 
injury is shght, a normal or healthy appearance will be restored, 
whereas if the injury has been fatal, rotting and discoloration of the 
roots will be evident. 

InsEcts FEEDING ON THE Roots ” 

Some of the most dangerous pests of those most likely to cause 
damage to hardwood stock in plains nurseries, and the most difficult 
to control are insects that feed on the roots. White erubs and 
termites are among the worst offenders; wireworms and borers cause 

17 The following sections on nursery insects and their control are contributed by J. A. Beal, entomologist, 
L. G. Baumhofer, associate entomologist, and N. D. Wygant, assistant entomologist, Bureau of Entomology 
and Plant Quarantine. 
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minor damage. Soil poisons or fumigants offer the best possibilities 
for control, but they must be used with certain precautions to prevent 
injuring the seedlings. 

WHITE GRUBS 

White grubs are the larvae of the large, well-known May beetles 
r “June bugs’ (Phyllophaga sp.). These larvae are white, fleshy 
ead with a brown head and three pairs of prominent legs. The 
body is held in a curved position. They are general feeders on the 
roots of plants and, although more common in grassland, at times are 
serious nursery pests. Soon after the roots of forest tree seedlings 
are eaten off, the foliage wilts, and the seedlings can be pulled with 
ease. When only part of the roots are destroyed, the trees may be 
dwarfed. 

In South Dakota, Nebraska, and possibly in Kansas, the more 
injurious species require 3 years to complete their life cycle. The 
smaller first-year grubs, from eggs deposited in the soil late in the 
spring of the current year, generally cause little damage unless they 
are very numerous. Most of the damage occurs during the second 
year of development when the grubs are feeding heavily through the 
entire season. Feeding the third year continues only until midsummer 
when the grubs transform to pupae and adults in the soil, emerging 
the following spring. Adults are emerging each year, and conse- 
quently grubs in all stages may be found at any time. In the region 
where the 3-year life cycle prevails, the brood which emerged in 
1932, 1935, and 1938 was by far the most numerous. Consequently 
there is more danger of white grub damage the year following these 
flights, if the nurseries are infested. In North Dakota it is likely 
that 4 years are required for some species to develop, while in the 
south the life cycle may be completed in 2 years. 

Fumigation by flooding the infested soil with carbon disulfide 
emulsion has given some success In control on small areas, but the 
results vary in different soils and under different temperature and 
moisture conditions. Since the grubs go deep for the winter, this 
method can be used only during warm summer weather when they are 
feeding within a few inches of the surface. As the surface dries the 
grubs go down; consequently, fumigation while the upper soil is moist, 
or a day or two after irrigation, would probably be most effective. 
Half-grown stock apparently will not be damaged by the chemical, 
but young seedlings are more susceptible to injury. 

A 50-percent emulsion, consisting of equal parts of carbon disulfide 
and a special commercial soap solution, may be used for this purpose. 
Treatment consists of diluting this 50-percent stock emulsion in the 
proportion of 14 quarts to 50 gallons of water and applying at the 
rate of 3 pints per square foot of soil surface. An emulsion may also 
be prepared by using 1 part of rosin fish-oil soap, 3 parts of water, and 
10 parts of carbon disulfide, by volume. Place the soap and water in 
a closed container and agitate until the mixture is uniform. Then 
add the carbon disulfide and agitate until the mixture becomes 
creamlike. This stock emulsion is diluted in the proportion of 1 
quart to 50 gallons of water, and is applied at the rate of 3 pints per 
square foot as above. Late in the afternoon while the ground is still 
warm is the best time for application. The making of six or eight 
holes per square yard will also aid in the penetration of the gas. 
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These can be made with a broom handle or similar stick and should 
be about 5 inches deep. Puddling should be avoided, and the solution 
should not come in contact with the foliage, since there is danger of 
burning. 

In handling carbon disulfide there must be no smoking or fires, as the 
strong vapor is explosive in confinement. Containers should be kept 
tightly closed to prevent rapid evaporation and loss of the gas in 
storage. 

TERMITES 

Termites, sometimes called white ants, resemble somewhat the true 
ants except that they are cream colored and the body is not constricted 
between the thorax and abdomen. Termites live in colonies in the 
soul or in wood and never work exposed on the surface. They feed 
on wood or other organic matter. While principally destructive to 
wooden structures, one species (Reticulitermes tibialis Banks) has 
caused considerable damage in the southern nurseries by feeding on 
the roots of seedlings. It is not likely that they will become important 
in the more northern nurseries. 

In regions where termites are common nursery soil should be kept 
free of all decaying wood and of as much other organic material as 
possible, since such material harbors termite colonies. Where termites 
are known to occur in large numbers it would be advisable to let the 
land lie idle for a year, clean up any debris such as wood, stalks, or 
stubble, and thereafter use only well-rotted manure or preferably 
commercial fertilizers to stimulate tree growth. In cases where these 
protective measures cannot be undertaken, treatment of the soil with 
heavy dosages of carbon disulfide prior to seeding, although costly, could 
probably be relied upon to free the area of termites. Where trees 
are growing in an infested block, considerable precaution in treating 
would be necessary so as not to injure the trees. The use of carbon 
disulfide emulsion as suggested for control of white grubs would 
probably also be effective against termites. Paradichlorobenzene 
crystals worked into the soil to a depth of 3 or 4 inches with a hoe or 
other implement, at the rate of 3% pounds per 100 square feet, have 
given indications of good control against root-feeding termites. Care 
should be taken to keep the crystals at least 2 inches from the seedlings. 

WIREWORMS 

Wireworms are slender larvae of uniform width, with a hard, tough, 
brownish or yellowish skin. They are the larvae of click beetles and 
feed on the roots of a large variety of plants. Wireworms are likely 
to be numerous in soil that has been in sod for several years, and 
occasionally may cause some damage in nurseries that have been under 
cultivation. Control is very difficult in soil where nursery stock is 
being grown because treatments severe enough to affect the insects 
would probably also destroy the seedlings. 

BORERS 

Occasionally where nurseries are planted on newly cleared land or 
where stock remains in the nursery for more than 1 year, considerable 
damage is done by borers. In the former case the larvae of a species 
of long-horned beetle of the genus Prionus, which usually work in the 
roots of larger trees, may remain temporarily in the soil and feed on 
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the roots of seedlings. To avoid such damage, stump land or land 
containing trees or brush should be cultivated for a year or two before 
using 1t for a nursery site. Trees which remain more than one season 
in the nursery may be seriously damaged by the flatheaded apple tree 
borer (Chrysobothris femorata (Oliv.)). To avoid this injury, trees 
should be kept in good growing condition and, if possible, should be 
removed from the nursery and planted out each season. 

GIRDLING AND LEAF-FEEDING INSECTS 

Cutworms and grasshoppers are here classed as girdling insects, 
although they are not always true stem girdlers but may feed also on 
the buds and foliage. A great many species of insects are true leaf 
feeders, but these can be discussed in a few groups since the control 
measures for the species within a given group are very similar. The 
common method of control is to spray a poison such as lead arsenate 
on the infested foliage so that the poison will be taken into the digestive 
tract with the food of the insect. 

CUTWORMS 

Cutworms are the larvae of the night-flying (noctuid) moths or 
‘millers.’”” Many species work on the seedlings at or just below the 
ground line, but a few species of climbing cutworms and the army cut- 
worms may feed on the upper stems, buds, and foliage. Feeding in 
most cases takes place at night, and during the day the larvae may be 
found hiding in the soil near the injured seedlings. Although some 
species overwinter as pupae or adult moths, most of the cutworms 
pass the winter as partially grown larvae and start work during the 
first warm days of spring. The worst damage is likely to occur when 
the seedlings are coming up; during a single warm night a great many 
seedlings may be cut off. 

Early discovery of the cutworms will prevent much damage. They 
can be controlled by scattering poisoned bran mash over the nursery 
in the evening. The bait should be made up as follows: 

Large quantities: 
Coamseawhentmoraiis.,. 2 ua: 255 eee Ae Ae a ee 100 pounds. 
CGridecarsemic On PAIS: PTECN = - 522 = nee Sa As SM 5 pounds. 
Molasses or. syrup. —_.—. -_- Et ge ee Se Soe RE 3 2% gallons. 
VOD UST Dae: ce AIS Vee a a a ng nt Sy ARS aya heh SP EiaG oe 10 to 12 gallons. 

Small quantities: 
Seaseanmen UsOrams <2 a(t 2 le 2 le ee 5 pounds (1 peck). 
Crudcrarsenic Or Paris ereen =) Sn ee oe oes 4 ounces. 
MOlassescon syrup = =o 22 Ne xs. sea Ss se ee pint: 
Weenies 2 en eer oe Oot eee oo 2 to 3 quarts. 

The poison, molasses, and most wa the water should be combined 
and then evenly mixed with the bran. The solution should be stirred 
constantly while applying it to the bran to prevent the arsenic from 
settling out. Enough water should then be added to make a crumbly 
mixture that will just stick together when tightly squeezed in the hand. 

The bait should be thinly scattered over the nursery at the rate of 
10 to 20 pounds (dry weight) per acre. Since the cutworms feed at 
night, and the bait is not attractive after it has dried out, it is necessary 
to spread it during a warm evening or late in the afternoon. Where 
damage was serious the previous spring and the cutworms have again 
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been found in the soil, it is advisable to make a scattering of the bait 
some warm evening just before'the seedlings come up, to prevent heavy 
damage later. Frequently serious losses occur before the injury is 
noticed or treatment applied. 

Several species of army cutworms appear at different times during 
the season in the plains States. When abundant, large numbers of the 
larvae will travel together over the ground, destroying vegetation as 
they advance. Poisoned baits, sprays, or dusts can be used to stop 
their progress. Also, to protect the nursery, a deep furrow with 
vertical sides can be plowed at a right angle to the line of march.The 
larvae falling into this furrow can be killed by dragging a log through 
it; or if shallow holes are dug at intervals in the furrows the worms 
that collect in them can be crushed or destroyed with kerosene. 

GRASSHOPPERS 

Grasshoppers feed on nearly all cultivated plants and occasionally 
become nursery pests. The infestation usually comes from areas 
adjacent to the nurseries, since the grasshoppers seldom originate in 
cultivated land. : 

Eggs enclosed in sacs or ‘‘pods’’ are laid in the soil late in the summer 
or in the fall, usually in grain stubble, meadows, and sod along ditch 
banks, fences, and roadsides. In the southern plains States the eggs 
may hatch as early as February, but in the northern plains States 
hatching usually does not occur until May or June. The young grass- 
hopper nymphs resemble the mature insects, except that the wings are 
not fully developed and not functional until the final or adult stage. 
Although maturity is reach in 40 to 70 days, the hoppers may continue 
to feed until cold weather. There is usually only one generation a year. 

During the early nymphal stages the young hoppers feed near the 
place where they hatch and can readily be poisoned at this time. In 
the later stages they move about in search of food and if numerous 
may infest the nurseries. Considerable migration may occur follow- 
ing the cutting of adjacent hay and small grain fields. The nurseries 
can be protected from such migrations by spreading poisoned bran 
mash in a barrier strip, from several rods to 100 feet or more wide, 
around the nursery. Several applications at intervals of 4 or 5 days 
will usually be necessary. A couple of deep furrows with vertical 
sides can also be used around the edge of the nursery to trap young 
grasshoppers. As they collect in these furrows they can be killed by 
daily applications of poisoned bait. After the insects have developed 
to the flying stage, these barriers will be of no value. 

The poisoned bait is prepared as follows: 

Coarse wheat bran (free from shorts or flour) _____-_____-_-- 100 pounds. 
Crude arsenic oe oes oe 2 Eee De eee ae ee 5 pounds. 
Cane molasses (low grade, such as blackstrap)_____-_-_-_--_-- 1% gallons. 
Watericn)8 oo 2202 Ske A pao ie ey Se a 10 to 12 gallons. 

Spread the bran out on a tight floor or similar surface to a depth 
of 8 to 10 inches. Thoroughly mix the required quantities of water, 
arsenic, and molasses in a container. Gradually splash the solution, 
which should be continually stirred to prevent settling, over the bran 
and work it into a mash with a shovel or rake until it contains no 
lumps and is moist throughout. ) 

a —— 
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This bait should be spread thinly and evenly at the rate of 10 
pounds (dry weight) per acre, or more heavily if the insects are very 
numerous. It should fall into flakes when scattered with the hand 
and in this form will be safe for use. If left on the ground in lumps 
there is danger that livestock will pick up the poison. As the mash 
dries it becomes less attractive, and it is necessary to apply it when 
the grasshoppers are starting their first feeding of the day, usually 
early in the morning. In the case of migrations the hoppers may feed 
at almost any time where food is found. Spread the bait on a clear 
day, preferably when the temperature is between 70° and 85° F. 
A mixture of half bran and half sawdust, or better, 60 percent 

bran and 40 percent sawdust, can be substituted in the above formula, 
but this mixture is not always as satisfactory as bran alone. Most 
sawdusts are suitable if they are fairly fine and a year or more old. 
Although fresh sawdust from cottonwood can be used, fresh pine saw- 
dust is not suitable. Two quarts of liquid sodium arsenite (4 pounds 
per gallon material) or 2% pounds of dry sodium arsenite can be substi- 
tuted for the 5 pounds of crude arsenic. Five pounds of paris green 
can also be substituted, but this is much more expensive. Calcium 
arsenate, sodium arsenate, or lead arsenate should not be used. 

CATERPILLARS 

Caterpillars are the larvae of butterflies and moths. They are 
wormlike, smooth, spiny, or hairy, with 3 pairs of true legs and usually 
5 pairs of false or prelegs, including the anal pair. 

Insects of this group can be readily controlled by applying a spray 
of lead arsenate mixed in the proportion of 1% to 2 pounds (powdered 
form) to 50 gallons of water. Other arsenicals such as calcium arsenate 
or paris green may be used, but with them there is greater danger of 
burning the foliage. A sticker such as fish oil or linseed oil, at the 
rate of 4 ounces for each pound of lead arsenate, will make the poison 
adhere to the foliage and give protection for a longer period. 

BLISTER BEETLES 

Blister beetles are of medium to large size, slender, with the portion 
between the head and wing covers (the prothorax) narrowest. The 
body and wing covers are comparatively soft. The color may be 
black, grayish, tan, or some other shade, either plain, spotted, or 
striped. Only the adults feed on the foliage, and they infest a variety 
of plants. In the nurseries certain species prefer Siberian pea-tree 
and locust foliage, although other seedlings may also be attacked. 
These beetles are distributed over the entire plains region. The 
larvae of some species feed on grasshopper eggs and therefore are 
beneficial in this stage. 

Spraying the foliage with 1} pounds of lead arsenate to 50 gallons 
of water will protect the seedlings, largely by repelling the beetles, 
although some will be poisoned. As the new growth comes out beetles 
will return to feed on this portion, and it will be necessary to spray 
several times to give good protection. The use of a sticker in the 
spray is not advisable where these repeated applications are made. 
Sodium fluosilicate applied as a dust has given good control of certain 
species, but there is some danger of burning the foliage. 
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FLEA BEETLES 

The flea beetles are a group of very small leaf beetles, usually of 
metallic color. They are very active and jump vigorously when dis- 
turbed. They eat very small holes through the leaves. The adults 
of some species are rather general feeders on foliage while others 
attack only one species or related species of host plants. The larvae 
of most species live on roots in the soil but are generally not very harm- 
ful in this stage. 

Flea beetles are difficult to control because the arsenicals are ap- 
parently distasteful and repel them. However, fairly heavy doses 
of lead arsenate, 2 to 3 pounds to 50 gallons of water, will give con- 
siderable protection if thoroughly applied to all the foliage. Several 
applications at about 10-day intervals may be required. 

SaP-SUCKING INSECTS 

Sap-feeding insects cannot be controlled by stomach poisons, such 
as the arsenicals, because the plant parts that would carry the poison 
are not eaten. They feed by inserting their beaklike mouth parts into 
the plant tissues and drawing out the juices. Contact insecticides, 
that kill by coming in contact with the body, must be used. There 
are a great many insects with sucking mouth parts, but the most com- 
mon ones encountered in nurseries are the aphids and scale insects. 

APHIDS 

Aphids, or plant lice, are small, soft-bodied insects averaging about 
the size of a large pinhead. Many are green but some are yellowish, 
brown, or black. The sucking out of the sap from the stems or leaves 
seldom kills the host, but heavy feeding may cause wilting, discolora- 
tion, or even dwarfing of the seedlings. 

A number of generations are produced during a single season, and 
the aphid population builds up rapidly under favorable conditions. 
Infestations should, therefore, be treated early. The usual recommen- 
dation for control is a spray made up of 1 pint of a 40-percent nicotine 
sulfate solution in 100 gallons of water, and the addition of 3 to 4 
pounds of common laundry soap or fish-oil soap as a spreader. In 
smaller quantities, 1 teaspoon to 1 gallon of water plus a tablespoon- 
ful of soap makes a comparable spray. Where directions for aphid 
control are given on the container of the nicotine solution purchased, 
these should be followed. Pyrethrum and derris compounds have also 
been used successfully against aphids. 

SCALE INSECTS 

Scale insects usually resemble tiny scales of wax or very small galls 
attached to the bark or leaves. They can be divided into three gen- 
eral groups: (1) The armored scales, which are flattened and either 
oystershell shaped, pear shaped, or rounded in outline, and covered 
with a waxy excretion; included in this group are the oystershell scale, 
San Jose scale, Putnam’s scale. scurfy scale, and elm scurfy scale. (2) 
The tortoise scales, which are tortoise-shaped or globular, and either 
naked or with a portion covered with a cottony substance; rather com- 
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-mon in this group is the cottony maple scale. (3) The mealybugs, 
which are oval in form and soft-bodied, usually appear as if they had 
been dusted with flour. The European elm scale belongs to this 
group, but during its third stage it lacks the dusty covering and has a 
white, waxy fringe around the outer edge of the body. 

While scale insects are not likely to cause serious damage to seed- 
lings during the short time in the nursery, the stock should be kept free 
from scales lest the pests be transported to the field. The most com- 
mon control measure is to spray with a dormant-strength miscible 
oil, oil emulsion, or lime sulfur, preferably in the spring just before 
the buds open. Such sprays are on the market under different pro- 
prietary names and should be used according to the directions of the 
manufacturers. With the heavy oils there is a possibility that dor- 
mant strengths will injure some of the thin-barked seedlings. During 
the growing season a summer white-oil emulsion or a summer strength 
of lime sulfur may be used, but these usually are not so effective as 
the dormant sprays. Usually none of these treatments will give com- 
plete control in one season, and consequently if only a small portion 
of the nursery stock is infested it should be destroyed and not sent to 
the field. Under more serious conditions it is possible that fumiga- 
tion might be used for some of these scale insects at the time of ship- 
ment. 

InyuRtous MAMMALS AND Brrps !® 

Mammals and birds may cause considerable damage to some species 
in the nursery by digging up or pilfering the seed shortly after it has 
been sown or by nipping and breaking off the seedlings as they emerge 
from the soil. Damage may also be done to larger seedlings by mam- 
mals which feed on the bark, roots, and leaves of the trees. Mammals 
usually cause more damage than birds in nurseries growing deciduous 
stock. Protection must be extended to include the seed and seedling 
stage in the nursery as well as in the heel-in ground. 

FIELD MICE 

Straw mulches used on seedbeds over the winter are especially at- 
tractive to mice and other rodents, as are the weeds and grass along 
fence rows. Population of rodents can be greatly reduced by burning 
out and destroying this vegetation. Among the genera of mice which 
make depredations on recently sown seed are various species of the 
white-footed field mouse (Peromyscus), meadow mice (Microtus), and 
the small, brown, pocket mice (Perognathus). These do most of their 
damage by digeing up the seed in the rows shortly after it has been 
sown. Very often more damage is done by exposing the seed in this 
way or covering it too deeply than in the amount eaten. These mice 
are most easily controlled by means of grain or other baits poisoned 
with strychnine or other toxic agents, but the methods used for the 
different species should be voverned by the differences in their feeding 
habits. 

18 The section on mammals and birds constitutes a revision and enlargement of a chapter on rodent control 
prepared by Harold Haecker and F. E. Garlough, of the then Bureau of Biological Survey, in the manual 
“Seed and Nursery Practice in the Shelterbelt Project’? mimeographed by the Forest Service March 23, 1936. 
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For the various species of Peromyscus and for the Perognathus, an 
effective bait. has the following ingredients: 

Powdered: borax sx. 26 Sok £0 e Bee Pee ag ee pea et ee 2 ounces. 
Powdered! dry glucose (corntsugar) a5 se es eee ee 1 ounce. 
Wheat flour: )=7u se eenen Ly a a Ni a ayo 5 eS eg 1 ounce. 
Stry chine: alka onal es 0 Si sas 7 eee ere apiece ee oe eee eee 1 ounce. 
Glycerint 252 25.05 Nok Se ee a SN Ee pen ee eee Oe eee ee 2 ounces. 
Steamed, rolled/ oats orligroats = eae aa sais ee ayes eee eee 12 pounds. 
Boiling waters: L222 x iega) ae as aie: ya ee egies ee eae ches 3a otra Ne Beppe %4 pint. 
Cold weber s 2512.2 8 oe SBT eae nie a 2 ee ana Y% pint. 

Dissolve the borax and glucose in the boiling water. Mix wheat flour 
and strychnine and add the cold water. When well mixed stir into 
the boiling solution and heat until a thin, smooth paste is obtained. 
Stir in the glycerin and pour mixture over oats or groats and stir until 
the grain is uniformly coated. 

Another satisfactory strychnine bait for the mice may be prepared 
by treating wheat, oat groats, or canary seed with the following prepa- 
ration: 

strychnine sulfate 2.2 oes Ree ee ee 1 ounce. 
Tew LID 8 ES EU aes 2h Oe AER 5 ee os ope ae oe 8 pounds 

Oil: Of anise: 2. : bias e Fe AAO Se EES ae ey Sel ay eae 2 a ke Y% ounce. 
Heavy ‘molassesi.2% 2555.) sc ik ay RU ee ge 4 ounces. 
Hot, water. ie 4th ely Pah ee Se Ne yee ose ape ge ee === Sroumees: 

Dissolve the strychnine i in the hot water and pour this solution while 
hot over the grain, stirring throughly meanwhile. Mix the anise and 
molasses and pour over poisoned grain. Stir until the grain is well 
coated and allow to dry before packaging. 

There are two ways of exposing the bait. Where there is plenty of 
grass or other vegetative cover and the mice have distinct runways on 
the surface of the ground beneath the cover, place a teaspoonful of the 
bait directly in the runway and cover well with grass. This offers the 
least disturbance to their natural habitat and the acceptance is the 
best. There is no danger to birds if bait is properly covered. 

In some locations, however, it may be necessary to use a container 
for the bait to give proper cover, not only to prevent birds from gaining 
access to it but also to enable the mouse to feel protected while eating 
the bait, which is a vital factor in aiding acceptance. A simple, 
inexpensive mouse-bait container is the 1-quart can used for distrib- 
uting motor oil. As usually discarded at the filling station, this can 
already has the proper size hole cut in the top. The side of the can on 
which the hole at the end is located should be crimped slightly to 
prevent the bait from coming out or water getting into it. 

Another more expensive type of shelter is made of 20-gage galvanized 
sheet iron. Cut pieces 6 by 7 inches and roll these so as to make a 
channel 6 inches long, about 2 inches high, and 3 inches wide at the 
open side. A square or round pan 3 inches across and % inch deep 
will serve to hold the bait. Place this pan along a runway and invert 
the channel over it as a cover. 

Since the bait molds quickly in boxes or cans, baiting must be done 
frequently enough to keep fresh bait available. 

In locations where the meadow mice will not take the baits men- 
tioned above, expose pieces of apple. If this bait is taken, dust 2% 
quarts of %-inch cubes of apple with % ounce of powdered strychnine 
alkaloid and expose as described, putting out one piece at a place. 
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GROUND SQUIRRELS 

The three species of ground squirrels (Citellus sp.) that have caused 
some damage in nurseries in the prairie plains are the Richardson 
ground squirrel or flickertail, the thirteen-lined ground squirrel, and 
the Franklin ground squirrel. Ground squirrels eat some seed, but 
most of the damage caused by them is through the burying of seed or 
seedlings with soil deposited at the surface of their burrows. 

These pests may be completely controlled on small areas by shoot- 
ing or catching them at the mouth of the burrow in No. 0 steel traps. 
As a bait method of control on larger areas, poisoned oats are especially 
effective. For safety, the control area should cover a strip extending 
about 100 yards past the outer boundaries of the nursery. 
A satisfactory strychnine bait may be prepared from the following: 

ppcimiaerarkala@ied. ool oe a Poe Ue a 1 ounce. 
Powdered: borax. _--_.__=-__- ay NTS ERE pms 2 RL 3B Ore ry eee 2 ounces. 
Wheat flour__ Bs AN Sg 7 he eile hers, | apap be eee a nk eee 1 ounce. 
Powdered dry glucose (corn sugar) ck tag etn SE PORE Sy ee 1 ounce. 
eee ee ee ee a ee oe ee ee 1% pints. 
eC rine em Fn ss 2 Oe Een ee eg ee ee ee 2 ounces. 
Silene eleanen Obs 22 3.2 ee) ee ee ee ee 1E pounds. 

Blend the first four dry materials. Paste the mixture with % pint of 
cold water. Bring to a boil % pint of water and stir in the paste, 
heating until a smooth mixture is obtained. Now add the glycerin 
and mix well. Pour this while hot over the grain and stir until the 
grain is completely coated. Allow to dry before sacking. 

MOLES 

Several species of moles (Scalopus) occur in the prairie-plains and 
have occasionally caused some loss in recently sown beds or seed 
rows, chiefly through caving-in of the tunnels under seed rows or 
drying-out of seedlings above the runways. They can be controlled 
by use of any one of several types of common steel traps on the 
market, working on the spear, loop, or jaw principle 

POCKET GOPHERS 

Pocket gophers (Geomys and Thomomys) can do considerable harm 
in a nursery by covering up parts of the seedling rows and by feeding 
on the roots. Their tunnels are excavated below the ground surface at 
a depth varying from 4 to 12 inches or more and are easily located by 
probing in the vicinity of the numerous mounds of earth thrown up at 
distances of a few yards to several rods. The gophers live almost 
exclusively below ground and traps and poison baits must be placed 
accordingly. The animals may be caught best with a regular pocket 
gopher trap. 

Pocket gopher workings have a main runway and many short 
lateral tunnels from 1 to 3 feet long through which soil is brought to 
the surface to form a mound. If a mound is carefully examined it 
will be noted that there is a depression on one side and that the lateral 
connecting the mound to the main runway is on this side. The 
runway leading to a fresh mound should be opened, and if the lateral 
is long enough, a trap should be set in it. If the lateral is short, set a 
trap each way in the main tunnel. Leave the hole open, or cover it 
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with a handful of grass. When it is possible to determine the several 
mounds belonging to the same gopher system, set traps at only two or 
three or them. Whenever a fresh mound appears, immediately set a 
trap at it. 

Pocket gophers may also be poisoned with a grain bait prepared as 
described for ground squirrels, save that wheat may be substituted for 
oats, and in Texas, milo may be used. If the grain bait is ineffective, a 
vegetable bait, such as sweetpotatoes or carrots, may be prepared, by 
cutting 16 quarts of the vegetable into pieces % by % by 1% inches and 
dusting evenly with 1 ounce of powdered strychnine alkaloid in a 
shaker-top can. 

With a regular pocket gopher probe, find the underground runway 
by probing first 6 or 8 inches away from the mound on the side that 
shows where it was plugged; then drop through the probe hole one piece 
of the vegetable bait or a teaspoonful of the grain bait. Close the 
hole with something, being careful that dirt does not fall in and cover 
the bait. Endeavor to treat each system in about three places. It is 
a good policy to level off the mounds and check for fresh ones to deter- 
mine effectiveness of the work. 

RABBITS 

The most troublesome rabbits are several species of the jack rabbit 
(Lepus) and the cottontail (Sylvilagus). The snowshoe rabbit has 
caused some damage in North Dakota in nurseries close to heavy 
brush and timber cover. Rabbit damage, which occurs mostly in 
winter and late spring when other food is scarce, consists in girdling 
of the bark or cutting off the tops of the seedlings. In some nurseries 
it has been quite a serious problem. 

Rabbit damage can be prevented or minimized by protecting the 
nursery and heel-in beds with woven-wire fence. In the Dakotas, 
however, fencing has not been especially successful in nurseries, since 
the snow drifting over the fences has allowed the rabbits free entrance. 

Cottontails and snowshoe rabbits have been successfully reduced in 
numbers by snaring and trapping, especially in brushy or timbered 
areas adjoining the nursery, and in runways in the nursery itself. These 
two species have a rather small daily migration radius, often less 
than one-quarter to one-half mile, and if the area adjacent to the 
nursery can be rid of the pests occasionally by snaring, trapping, and 
hunting, not much damage will occur. 

Jack rabbits have a daily migration radius of several miles, and if 
hunting is resorted to, a large area must be covered to get adequate 
protection for the nursery itself. Very often they are hunted in 
drives in which 50 to 100 men participate. Systematic hunting by a 
few men, however, will do much to keep the pests in control around 
a nursery. 
A number of poison baits have been found effective in rabbit control. 
In spring and summer, jack rabbits will take poisoned salt which is 

mixed in the proportion of 3 pounds of salt, 1 pound of alfalfa meal, and 
1 ounce of strychnine alkaloid. The material is thoroughly mixed, 
dampened with water, and placed in a hole bored into a 4-inch length 
of 2 by 4, the hole being 1% inches in diameter and % inch deep. When 
the poison mixture has hardened, the wood blocks are placed around 
the nursery and in the tree rows. Extreme care should be taken that 
livestock does not get at the salt. 
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It has been observed that the set can be made more effective if the 
salt blocks are placed on flat-topped mounds of soil 1 foot high and 
2 to 3 feet across at the top. These small ‘“‘knolls’” apparently attract 
the rabbits. The salt block should be staked down with a piece of 
No. 9 wire inserted through a small hole in the block. The salt should 
be cleansed occasionally of any soil which accumulates on it. This 
control method is most effective when the vegetation is green and 
succulent. 
A good control method in winter is to use as bait ears of corn or 

heads of maize which have been treated with a strychnine material. 
The bait is tied or wired near a lath which is pushed into the snow so 
that the bait is a foot above the snow level. Bait so placed is not as 
easily covered by drifting snow as when placed on the ground. 

The bait is prepared by making a paste consisting of 4 ounces of 
standard poison mixture (2 ounces of strychnine alkaloid, 2 ounces 
baking soda) stirred into a hot starch solution. Stir 2 tablespoons of 
gloss starch into 1 pint of cold water, add it to 3 pints of boiling water, 
and heat until the starch is clear. The ears of corn or heads of maize 
are dipped into this hot paste and allowed to drain. The same 
quantity of the starch paste applied to 24 quarts of whole oats makes a 
fairly effective bait. This may be exposed by placing tablespoonfuls 
at bait spots in the rabbit trails. 

Regardless of which bait method of control is used, care should be 
taken that livestock or other animals and birds do not get the bait. 
Further, the dead rabbits should be collected frequently and buried 
in a deep pit to keep dogs or pigs from getting them. 

It must be borne in mind that food habits of the various animal 
pests vary from season to season and from one locality to the next. 
Only a trial-and-error method based on experience will teach which 
bait is most acceptable at any one season of the year. 

Before any poison campaign is started the State laws should be 
studied to determine if the procedure is legal. In most cases, ade- 
quate control by other means should be tried first. 

BIRDS 

Birds are not generally a serious problem in deciduous nurseries 
and usually do more good than harm, especially if a considerable part 
of their diet consists of insects and weed seeds. Birds may cause 
damage before germination by scratching out the seed and eating it, 
but they are more likely to nip and break the seedlings at time of 
emergence from the soil. 

One of the most feasible methods of reducing bird damage, in some 
instances, is to fall-sow the seed. This results in earlier germination 
and very often the germination is completed by the time the main 
flight of certain species of migratory birds reaches the locality in 
which the nursery is located. In other instances it may be found 
desirable to delay sowing until the birds have passed on their way 
North. 

One of the most feasible methods of coping with the problem is 
to have one or several men patrol the nursery area during the sowing 
and germination period. They should be equipped with guns and 
blank cartridges or with some other type of noisemaking device. 
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Very often it will be necessary to do hand weeding in nursery sowings 
when the seedlings are just emerging from the soil. The foreman of 
a weeding crew can often deploy his men over a considerable part of 
the block in which the weeding is done, and the presence of the men 
will keep the birds away. ‘This method has a disadvantage in that 
it may be difficult to supervise the men properly. 

Protection of conifer beds in a North Dakota nursery by setting 
wind-operated propellers on posts around the nursery proved mod- 
erately successful. Shiny pieces of tin were nailed to the blade and 
a noisemaking device was added, consisting of loose pieces of tin tied 
toatin vane. ‘The propellers were 16 to 24 inches long, fashioned from 
scraps of 2 by 4 material. This idea suggests the possibility of a 
“scarecrow” whose arms could be moved by a wind-operated propeller. 

Screening, although entirely feasible for conifer beds, is impractical 
in a big deciduous-tree nursery except on a few species which are 
grown in beds on a small and intensive scale. 

Shooting of the birds should be limited strictly to those species 
which are not protected by State or Federal law and which are con- 
sidered in the “‘pest”’ category. This would usually include English 
sparrows, crows, ravens, and starlings. . 

PATHOLOGY OF DECIDUOUS SEEDLINGS ” 

Since the comparatively recent establishment of large, Federal, 
deciduous nurseries, the diseases of broadleaf tree and shrub species 
have assumed considerable importance in some instances. Previously 
little consideration had been given to losses caused by damping-off 
fungi. Leaf diseases occurring on but few species were relatively 
unimportant in commercial nurseries where undersized seedlings could 
be readily carried over from year to year. The overwinter storage of 
large numbers of seedlings has also emphasized the importance of 
certain pathological troubles, particularly root rots, and the handling 
of tons of seed in storage has likewise revealed unusual problems. It 
is evident that considerable time will be required for research before 
entirely satisfactory remedial measures can be obtained for these 
different problems. The information presented here summarizes 
investigations covering five seasons. 

SELECTION OF NURSERY SITES 

Pathological problems can sometimes be avoided by careful selec- 
tion of nursery sites. If time is available, it is advisable to determine 
the damping-off potentialities of a given soil by greenhouse and other 
tests. The information obtained can be used in determining the best 
nurseries for growing susceptible species, or for the elimination of 
undesirable areas. Careful inspection of prospective sites is always 
advisable to avoid lands infested with serious root diseases or liable 
to chlorosis. For example, the cotton root-rot disease of the South- 
west is caused by the soil-inhabiting fungus Phymatotrichum omni- 
vorum (Shear) Duggar. It is found only a few miles north of the 
Red River in Oklahoma but is common in Texas and States further 

19 Discussion of pathology is contributed by Ernest Wright, associate pathologist, Division of Forest 
Pathology, Bureau of Plant Industry. 
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west. Many deciduous tree seedlings are susceptible to the cotton 
root-rot fungus; in fact, only a few are resistant to the disease. 
Nurseries should be located only on root-rot-free land found by 
previous survey to be well isolated from root-rot areas. The de- 
termination of the presence or absence of cotton root rot can be 
accomplished through the use of plant indicators as reported by 
Peltier (29). 
By careful examination of the vegetation present on prospective 

nursery sites, other root diseases may also be avoided such as that 
caused by the shoestring fungus (Armillaria mellea (Vahl.) Fr.). 

Nematodes, commonly called ‘‘eelworms,”’ also present a consider- 
able problem especially on the southern plains. Soils severely in- 
fested with nematodes should be excluded from nursery sites whenever 
possible. Here again, careful inspection of the site prior to the selec- 
tion of the nursery is advisable. In such inspections, the roots of 
cultivated crops or native plants can be examined for indications as 
to whether nematode galls are present to any extent. Since some 
1,200 species of plants are susceptible to infestation by nematodes, 
plant indicators are generally available that can be used to determine 
the severity of the infestation. 

DAMPING-OFF 

Both preemergence and postemergence damping-off losses have 
been frequent for certain deciduous species. The bulk of these losses 
occur just prior to or within 3 to 4 weeks after emergence and are due 
to soil-inhabiting fungi. In preemergence losses the seedlings fail to 
appear. The fungi may attack the seed directly or infect the recently 
germinated parts, preventing in either case the emergence of the 
seedlings. In postemergence damping-off the seedlings may fall over 
or remain erect and dry up. Sometimes there is a constriction of the 
stem at the ground line where infection takes place. Examinations 
of recently damped-off seedlings will show that a portion of the roots 
and stems are decayed. Generally preemergence losses are greater, 
but postemergence losses are more readily detected. Preemergence 
losses frequently exceed 60 percent of the seed sown, while post- 
emergence losses at times run higher than 50 percent of the emerged 
seedlings. Later in the season these losses appear as gaps in the rows 
and are commonly referred to by nurserymen as “failed spots.” . 
Other factors besides damping-off can also cause these gaps, such as 
excessive heat, drought, birds, poor seed viability, too deep sowing, 
and caked soil. 

The broadleaf seedlings most severely infected with damping-off 
fungi are American elm (Ulmus americana), Siberian elm (U. pumila), 
black locust (Robinia pseudoacacia), desertwillow (Chilopsis linearis), 
and several other somewhat minor species, such as silver buffaloberry 
(Shepherdia argentea) and honeysuckle (Lonicera spp.). Isolations 
from recently damped-off seedlings together with pathogenicity tests 
have shown that the most common fungous parasites of deciduous 
species in the prairie States are Corticium solani and Pythium ulti- 
mum.”° Other fungi, particularly Fusariwm spp., have been isolated, 
but their importance has not been determined. 

20 WRIGHT, ERNEST. DECIDUOUS-SEEDLING DISEASES IN MIDWEST NURSERIES. U.S. Bur. Plant Indus. 
Plant Dis. Rptr. 21: 80-82. 1937. [Mimeographed.] 

297878°—41—_—10 
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There is little apparent correlation between soil acidity and damp- 
ing-off losses. A soil which is neutral or only slightly acid is generally 
favorable for growing most broadleaf seedlings. There are indica- 
tions, however, that the types of previous crop cover is correlated to 
some degree with the incidence of damping-off. Rotation of seedling 
crops from year to year is advisable. None of the susceptible species 
named should follow the next year on land previously occupied by 
any of these species. Cereals in general are more favorable rotation 
crops than legumes. Rye, however, is undesirable. 

A practice occasionally followed by some nurserymen has been to 
mark the rows where the deciduous seed is sown by mixing it with 
faster germinating truck crop seed. Lettuce, radish, and turnip seed 
have been used for this purpose. While this method 1s readily applica- 
ble to nursery procedure and does aid in locating the rows for cultiva- 
tion and weeding prior to the emergence of the tree seedlings, the use 
of truck crops is questionable. Unfortunately, most truck crops are 
susceptible to the same damping-off fungi that commonly attack 
deciduous tree seedlings, and they may, therefore, increase the losses 
in the latter by building up the parasitic fungous population in the 
seed drills. If it is desirable to mark the rows in this way, both field 
and greenhouse tests indicate that wheat seed could be more safely 
used. 

It is imperative to avoid injury to the cotyledons of the seedlings 
during cultivation or in crust-breaking operations just prior to emer- 
gence of the seedlings. Preliminary trials under controlled conditions 
indicate that injury to the cotyledons of emerging deciduous seedlings 
stunts the growth of the plants. Severe injury to the cotyledons 
frequently kills the seedlings. Any reduction in the vigor of the 
seedlings is always undesirable. 

In general, too dense or overdeep sowing increases both preemer- 
gence and postemergence damping-off losses. Dense sowings may also 
aid in the rapid spread of fungi through the tops of the seedlings during 
wet weather. 

So far it has not been necessary to artificially fertilize the soil in 
broadleaf nurseries, but no doubt this will be required in the near 
future. It has been reported that nitrates and ammonium salts 
increase the damping-off hazard of conifers (42, 14). <A similar 
correlation may exist for broadleaf species. Fertilizers should there- 
fore not be applied indiscriminately in broadleaf nurseries until it is 
determined what the effect will be on increasing damping-off and root 
rots. Preliminary tests, however, indicate that if the application of 
ammonium sulfate or ammonium nitrate is reduced to 100 pounds 
per acre, or if the application is delayed until the seedlings develop 
woody stems, the addition of fertilizing material does not increase 
damping-off losses. 

Methods for controlling damping-off of deciduous tree seedlings 
necessarily must differ from those applied in coniferous nurseries, 
since broadleaf seedlings are usually grown in rows in open fields over 
extensive areas and are not confined to seedbeds. Many methods 
applicable to coniferous seedbeds therefore cannot be applied econom- 
ically to deciduous seedling nurseries. 

Prompt emergence is of importance in reducing preemergence 
losses. Presoaking the seed in water sometimes accelerates germi- 
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nation and may be helpful for some species in reducing damping-off 
losses. 

It has been found that certain seed dusts are fairly effective in 
reducing preemergence damping-off. The most satisfactory dust so 
far used has been zinc oxide, applied at the rate of 2 ounces per pound 
of air-dried seed (not green or wet seed). The kind of zinc oxide is 
very important since not all sources have proved equally satisfactory. 
Further advice should be secured from plant pathologists before 
attempting extensive treatments. Copper oxide is also fairly effective 
in controlling preemergence damping-off losses, but broadleaf species 
have been found to be susceptible to injury by this dust. American 
elm is especially susceptible to injury, while Siberian elm is somewhat 
less detrimentally affected, perhaps because of its more rapid germi- 
nation. Copper oxide appears to retard germination of desertwillow 
seed only slightly and has been found effective in controlling pre- 
emergence losses for this species in greenhouse tests. For desert- 
willow, however, commercial dry bordeaux mixture, applied at the 
rate of 2 ounces per pound of dry seed, is probably safer and is just 
as effective in controlling preemergence damping-off as copper oxide. 
Field trials in Texas have substantiated the greenhouse results. 
Formaldehyde seed dusts applied at time of sowing have proved 
unsatisfactory both in the greenhouse and in field tests. None of the 
seed dust treatments can be considered entirely satisfactory, since 
they fail to retard postemergence damping-off losses. Mixing the 
dusts directly with the soil is a more satisfactory treatment but is 
costly for large areas. 
Formaldehyde soil treatments are quite effective on sandy soils in 

controlling both preemergence and postemergence damping-off losses 
but in general are too costly and cumbersome for the extensive opera- 
tions of the present Federal deciduous seedling nurseries. For seed- 
lings grown in small beds, commercial formaldehyde used at the 
strength of 1 part in 50 parts of water, applied at the rate of 1 pint 
per square foot 10 days prior to sowing, has given satisfactory results. 

Taking all factors into consideration, such as cost, ease of appli- 
cation, and final results, it appears at this time that the most practical 
method of controlling preemergence damping-off losses of deciduous 
tree seedlings is by the use of zine oxide as a seed dust. Desert- 
willow is an exception, and commercial bordeaux dust mixture is 
recommended for this species. No satisfactory method for con- 
trolling postemergence losses over large areas has yet been developed. 

Root Ror 

Some root rots (sometimes referred to as “‘late-damping-off’’) are 
difficult if not impossible to avoid, even by the most careful selection 
of nursery sites. The so-called late root-rotting fungi are referred to 
here. They are unusually widespread and do not necessarily infect 
indicator plants. Seedlings up to several months old are still subject 
to late root rot. In such cases the plants do not damp-off since the 
stems are now strengthened by the formation of woody tissues. 
Typical symptoms are indicated by a drying and curling-up of the 
leaves, usually followed eventually by a wilting of the tops and the 
death of the seedlings, although sometimes the plants survive but 
are badly stunted. 



148 MISC. PUBLICATION 434, U. S. DEPARTMENT OF AGRICULTURE 

Late root rot so far has occurred in the Great Plains region only 
in northern nurseries on comparatively heavy soils. Corticium 
solani has been found in association with a late root rot of Caragana 
arborescens. ‘The tips of the tap roots and many small lateral rootlets 
were rotted back and destroyed, resulting in a heavy mortality for 
seedlings several weeks old. At another nursery the roots of sumac 
(Rhus trilobata) showed similar symptoms, but a Fusarium was com- 
monly isolated. At still another nursery, Siberian elm making un- 
satisfactory growth showed stem lesions at the ground line, but only 
apparent saprophytes could be isolated from the decaying parts. 

No definite control measures are yet known, but it appears that 
the overabundance of organic matter and poor aeration are probably 
factors contributing to an increase of late root-rot infections. 

LEAF DISEASES 

Leaf diseases in general reduce the rate of growth and subsequently 
interfere with food reserves. In orchard trees, for example, it is 
known that where leaf spots have been severe the trees are frequently 
damaged by frost and drought. The impoverished fruit trees are 
unable to resist adverse conditions in the field as well as normal 
trees. In the nursery where the food-synthesizing activity of the 
leaves is retarded because of leaf diseases, the growth of the seedlings 
is frequently reduced so much that they do not reach usable size by 
the end of one growing season. When the seedlings do reach usable 
size the decreased food storage may limit the ability of the tree to 
produce roots after field planting. Leaf diseases are, therefore, of 
considerable economic importance and the nurseryman should not be 

. misled by the fact that the plants do not appear to be seriously injured. 
Fortunately, not many broadleaf species have serious leaf diseases. 
Chokecherry, other species of Prunus, and species of ash are the most 
susceptible to leaf diseases in the Great Plains region. 

Chokecherries (Prunus virginiana and P. virginiana melanocarpa) 
are commonly infected with a leaf spot disease caused by Coccomyces 
lutescens Higgins. This disease is referred to as shot hole. Infec- 
tions first appear upon the foliage as small yellow or reddish circular 
spots which later turn brown. Eventually the dead brown spots may 
become separated from the surrounding leaf tissue and fall out, pro- 
ducing the typical shot hole. In severe stages, the disease causes a 
yellowing of the tissues between the lesions, giving the infected foliage 
a striking chlorotic appearance and causing the leaves to fall pre- 
maturely. The lower leaves usually fall first. Black cherry (P. 
serotina) is perhaps even more susceptible to shot hole than choke- 
cherry, but American plum (P. americana) appears quite resistant. 

The serious nature of the shot hole disease on species of Prunus 
necessitates from five to seven spray applications for control. Home- 
made bordeaux spray used as a 3—4—50 mixture” appears to give 
satisfactory control when applied early in the season and repeated at 
frequent intervals of a week or 10 days ” in Midwest nurseries. For 
the concentrated bordeaux powders now on the market, directions 

21 3 pounds copper sulfate and 4 pounds rock lime to 50 gallons of water. For the rock lime, 5 pounds of 
the more generally available hydrated lime may be substituted. 

22 YOUNG, GEORGE Y. SPRAYING AS A CONTROL OF LEAF DISEASES ON NURSERY STOCK OF FRAXINUS 
AND PRUNUS SPECIES IN THE UPPER MISSISSIPPI VALLEY. Soil Conserv. Serv. 1939. [Unpublished 
memorandum.] 
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given by the manufacturers to obtain a solution equal in strength to 
a 3-4—50 home-made mixture should be used. MceNew and Bliss (25) 
in [owa recommend a 4—6—50 mixture for commercial cherry varieties. 
It is essential in any case to spray as soon as the leaves appear and 
repeat the applications throughout the growing season, especially 
following rains. Spreaders are sometimes recommended for better 
coverage and adhesiveness. Whale-oil soap, casein, linseed oil, and 
a good grade of soap chips are sometimes used as spreaders. The 
first two are used at the rate of about 2 pints in 50 gallons of spray 
solution, while the last two require about 5 pints or pounds per 50 
gallons. A good emulsion is required for best results. Skim milk 
used at the rate of 1 gallon in 50 gallons of spray solution is a cheap 
and effective spreader.” 

In other sections of the country it has been reported that the 
bordeaux concentrations advised above have caused severe burning 
of the foliage. It is likewise essential to maintain the vigor of the 
seedlings since there are some indications that the addition of ni- 
trogenous fertilizers and adequate water appear to render the seedlings 
less susceptible to leaf diseases. 

Spray applications made after the shot hole appears will not control 
the disease on infected leaves. Late spray applications appear to 
retard the infection of new leaves, but early and repeated applications 
are necessary for really satisfactory results. 

It is known that the fungus overwinters on dead leaves and it is 
advisable, therefore, to dispose of the fallen leaves in the nursery by 
burning or by plowing the leaves under in the fall. Susceptible 
species should not be sown on the same ground the following year. It 
is also desirable to strip all leaves from the seedlings at time of bundling 
to prevent carrying the disease to the field where the seedlings are 
planted. 

The rust Tranzschelia punctata has been observed on P. americana 
but only to a limited extent. 
A leaf disease of green ash (Fraxrinus pennsylvanica lanceolata) is 

quite common in the Midwest, especially in northern nurseries. 
This disease is referred to by nurserymen as leaf rust. It is not a 
true rust, however, since it is caused by Marsona sp. It is most 
evident in mid to late summer when the upper surface of the leaves 
assume a rustlike appearance. By close examination small black 
spots will be found on the under surface of infected leaves. These 
are the fungus fruit bodies. 

The disease causes premature defoliation resulting in decreased 
growth. This is very undesirable for green ash since it is not a rapid 
growing species in northern nurseries even under normal conditions. 

So far, spraying with lime sulfur and bordeaux of various concen- 
trations have given somewhat disappointing results in the control of 
this disease; however, spraying operations are rarely started early 
enough or repeated consistently enough for satisfactory results. 
Numerous applications of bordeaux spray, as suggested for choke- 
cherry above, probably will give satisfactory control. 

It is further suggested that green ash seedlings should be grown 
in a portion of the nursery as far removed from older green ash trees 
as practicable. The amount of local infection can be reduced by 

2 Davis, W. C., YOUNG, G. Y., LATHAM, D. H., AND HARTLEY, CARL. DISEASES OF CONIFERS IN FOREST 
NURSERIES. U.S. Bur. OF PLANTINDUS. 1938. [MIMEOGRAPHED.] 
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cleaning up the fallen leaves underneath older trees nearby and im 
the nursery. The mixing of green ash with chokecherry within the 
same row or in alternate rows may also reduce the amount of the 
disease. Both species need to be sprayed and the mixing of the 
green ash and chokecherry reduces the facility of spread of the disease, 
since neither tree species is susceptible to the other’s leaf disease. 
Good fertility and adequate watering also appear to reduce the amount 
of infection. 

Puccima periodermlospora (Ellis. and Tr.) Arth., a true rust, occurs 
occasionally on green ash. Regular spraying of green ash and Ameri- 
can plum with bordeaux should likewise aid in controlling true rusts 
which occur occasionally but generally are not serious in the Great 
Plains region. 

The leaf disease of American elm, Gnomonia ulmea (Sacc.) Thuem., 
which is quite common in the Gulf region and Eastern States, has not 
been observed in Great Plains nurseries and need not be considered in 
detail here. The appearance of any sudden dying of American elm 
should be reported immediately, since this species is infected by several 
virulent parasites in other sections of the country (8). 

Top BLIGHTS AND WILTS 

Under the dry climate of the Great Plains area where water is usually 
supplied by furrow irrigation, top infections of seedlings have not 
been as common as further east. Conditions of high humidity and 
excessive moisture may cause considerable loss. At North Platte, 
Nebr., in the spring of 1937, black locust and Osageorange seedlings 
were infected with a Corticium top blight following heavy rains. 
Typically, top blight leads to a rapid wilting of the seedlings. The 
serious seedling top infection of black locust caused by Phytophthora 
parasitica Dastur as reported by Lambert and Crandall (19) has not 
been observed in the Great Plains nurseries. 

Top blights are difficult to control once infection takes place. Con- 
ditions which lead to poor aeration and high humidity should be 
avoided when possible. Less dense sowing and adequate soil drain- 
age will reduce losses from top infections. 

Mulberry blight demands special mention, as it sometimes causes 
much damage in the Southwest and has been observed as far north 
as Fremont, Nebr. Russian mulberry (Morus alba tatarica) seedlings 
and older trees are known to be infected with this bacterial blight, 
caused by Phytomonas mori (Boyer and Lamb.) Bergeye, etal. Young 
seedlings first show the disease by the appearance of water-soaked 
areas at the tips of the cotyledons which soon become withered and 
dried. Frequently the infection extends down the petioles into the 
stem, causing the seedlings to wilt over and die. The top of the 
stem at first becomes withered while the base and the roots remain 
healthy. 

Black lesions are also formed on the leaf petioles and stems of older 
plants. These later develop into typical cankers which often split 
open and exude the bacteria in yellowish droplets. Old cankers 
sometimes become deep enough to expose the pith.”* 

2 Summary of unpublished report by Howard Lamb dated September 1935, Woodward, Okla. 
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The manner in which the disease is spread is not definitely known. 
In greenhouse tests at Lincoln, Nebr., no bacterial blight was ob- 
served on the seedlings grown from southern mulberry seed sown in 
different soils, including those from Oklahoma and Texas. The indi- 
cations are that the bacterium is probably disseminated by wind and 
rain more commonly than by seed, but insects may also act as carriers. 
A combination of all four ways is possible. It has been observed, 
however, in the field that the heaviest infection of mulberry seedlings 
commonly occurs adjacent to older mulberry plantings, which tends 
to verify the statement that seed-borne dissemination of the disease is 
of minor importance. Seed should not be collected, however, from 
obviously diseased trees. It is advisable to locate the mulberry 
seedlings in a part of the nursery as far removed as practicable from 
older mulberry plantings. 

The dusting of mulberry seed with bordeaux and zinc oxide dusts 
in field trials has failed to give satisfactory results. It appears advis- 
able to spray the seedlings regularly with bordeaux of the 4—6—50 
strength in nurseries where the disease has appeared. Spraying 
should be started just as soon as the cotyledons appear above the soil 
and should continue at intervals for several weeks. Spraying is 
especially desirable following rains. Reducing the density of the 
seedlings per unit area should aid in preventing a rapid spread of the 
disease from plant to plant. 

MISCELLANEOUS DISEASES 

Dodder (Cuscuta sp.) is not a fungus but a flowering plant related to 
the morning-glory family, nevertheless a true parasite of other plants. 
Dodder has caused some damage to tree seedlings and has been found 
growing on black locust, green ash, cottonwood and desertwillow in 
Midwest nurseries. It appears as a fine, yellow, vinelike growth, 
sometimes occurring so dense as to completely cover the tops of the 
seedlings. It spreads by seed or directly from seedling to seedling. 

The embryonic Cuscuta plantlet, coiled up in the seed, pushes up 
through the ground in early spring, but makes little use of its cotyledons 
as a means of nourishment. No underground root system develops 
from the young rootlet which soon dies. The dodder seedling early 
develops into a long, thin filament, the free end of which is for con- 
tacting plants from which nourishment is obtained (37, pp. 189-190). 
A direct connection forms between the conducting vessels of the host 
and those of the parasite as the vine coils around the parasitized plant. 
The organs of connection are known as “haustoria.’’ The sapping of 
water and nourishment from the host plant causes a stunted growth 
of infected seedlings, and heavy infection may kill the host plant. 

Dodder can be removed from the seedlings with a rake similar to a 
eurrycomb which may be made by driving nails through a board to 
which a handle is fastened. Upon removal from the plants, the dodder 
should be destroyed by burning. Sometimes it spreads from native 
vegetation at the margins of a nursery. Cleaning away the native 
vegetation, creating a barren border around the nursery, would be good 
insurance against widespread infection. Dodder can also be intro- 
oe with rotation crop seed and care should be taken to use cleaned 
seed. 
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A condition generally referred to as ‘“‘chlorosis”’ has been observed on 
some sites, where several broadleaf species have shown a characteristic 
yellowing or mottling of the leaves accompanied by a stunted growth. 
A rosettelike growth and a streaking of the leaves are also sometimes 
observed. This condition is commonly attributed to the lack or non- 
availability of iron, but it may be associated with a deficiency or an 
excess of any one of a number of elements such as nitrogen, phosphorus, 
manganese, zinc, or Magnesium. 

Hardy catalpa (Catalpa speciosa) and black locust appear to be 
especially susceptible to chlorosis, particularly on sandy soils. Several 
iron compounds have been used in periodic sprayings in an attempt to 
correct the chlorotic condition of these two species in an Oklahoma 
nursery. Ferric citrate, ferric tartrate, and ferrous sulfate were used 
as spray solutions and were applied at the strengths of 1, 3, 5, 7, and 10 
percent. No noticeable changes were effected by the 1 and 3 percent 
sprays, while the 5 percent solution caused some slight improvement. 
The 7 and 10 percent sprays burned the catalpa leaves but did not 
appear to have either a detrimental or beneficial effect on the foliage 
of black locust. A soap spreader was used in these spray tests. 
Ferrous sulfate is ordinarily not as safe as ferric citrate or ferric 
tartrate, and even at 1-percent strength has been known to burn the 
leaves of some tree species. 

In a northern nursery a chlorotic yellowing of American elm leaves 
was corrected by deep cultivation. This occurred on a heavy soil 
where apparently aeration was insufficient for normal growth. 

The most satisfactory solution to the problem is to locate the species 
susceptible to chlorosis on areas where this condition is found to be 
uncommon. Soil acidification is also said to eliminate chlorosis but is 
generally not practical for large areas in the Great Plains region. 

STORAGE PROBLEMS 

One of the most difficult seedlings to handle under inside storage 
conditions is the Siberian elm. This is due to the fact that the 
Siberian elm roots are commonly affected by a black rot. The occur- 
rence of this root rot in the Great Plains region was first reported in 
1935 (18). The causal organism is Chalaropsis thielavioides Peyron. 
Original infections appear to take place in the seedbeds and spreads 
rapidly under improper storage conditions or during transit. A gray- 
ish white, moldlike growth is characteristically found at injuries or 
broken places on the roots. The outer root tissues become dark 
brown to black and are broken down to a slimy mass as the rot ad- 
vances. The roots of the infected plants in the nursery row usually 
show only blackened, decayed areas. | 

A large number of chemical dips have been experimented with in an 
attempt to control the spread of this rot during inside storage. So far 
no completely satisfactory chemical control has been found, although 
sodium perborate at a concentration of 1-35 gave the best control of 
any of the dips used. 

The most satisfactory means of controlling the root rot is to heel-in 
the seedlings in sand or sandy soil out of doors over winter, protecting 
the tops with a straw mulch when necessary. Heeling-in the seedlings 
in heavier soil has not proved satisfactory even when the roots have 
been previously dipped in chemical solutions. The advantage of sand 
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over soil is apparently due to better drainage than is obtainable in 
heavier soil types. Considering the danger of injury from some chem- 
ical dips and also the fact that the roots are more moist than normal 
after dipping, chemical dips used prior to heeling-in the seedlings in 
sand have been found unnecessary. Heel-in sites should be rotated 
from year to year. In the southern plains, Siberian elm seedlings can 
best be left in the nursery row over winter and lifted as needed. 

It takes only a short time for the rot to spread rapidly under con- 
ditions favorable to its development, and special effort should be made 
to plant the Siberian elm seedlings as soon as possible after they have 
been removed from the heel-in beds in the spring. While this rot is not 
so active as to destroy the value of the seedlings, it has been found that 
it does retard early foliage development. The uninfected or shghtly 
infected plants leaf out earlier than those which have severely rotted 
roots. This is of considerable importance because the most rapid root 
erowth of the seedlings takes place early in the season, and delayed 
erowth may interfere seriously with the winter hardiness or drought 
resistance of the trees, due to the lack of adequate food storage. 

For overwinter storage of other broadleaf species, the seedlings can 
be heeled-in in sandy soil out of doors and the tops protected with 
straw as recommended for Siberian elm. 

NURSERY COSTS 

The cost of growing nursery stock depends on the size of the nursery, 
irrigation facilities, the number of species grown, and other variable 
factors such as seed costs, age class of stock, and grading standards. 

Costs are invariably higher for species which are grown in small 
numbers, and lower for those nurseries in which the nurseryman can 
concentrate his efforts on maximum efficiency in large-scale production 
of a relatively few species, Disease, insects, and unfavorable climatic 
conditions are other factors which may increase cost in spite of all the 
nurseryman’s efforts to keep losses at a minimum. 

Experience has shown that nurseries in the plains region which are 
not protected by an irrigation system often suffer severe losses in 
drought years. Such losses occur either in the form of complete killing 
of the plants, or in very high nursery costs because of reduced growth 
rate of the stock to such an extent that 80 or 90 percent does not attain 
plantable size. 

It has been argued, in some instances, that, regardless of the severity 
of drought, nursery stock for plains planting should be grown only 
under dry-land conditions without irrigation or watering, on the 
ground that trees that cannot survive in the nursery would certainly 
not survive in the field. This argument loses force when examined 
critically. In the first place, field-planted stock, because of a much 
wider spacing, has a maximum of anywhere from 24 to 96 square feet 
of growing space per plant, while in the nursery each seedling has only 
from % to % square foot of growing space per plant. Secondly, sturdy, 
well-rooted nursery stock planted on typical field sites for shelter- 
belts can root deeper by midsummer and consequently draw moisture 
from greater depths than small seedlings. It has been clearly demon- 
strated that field survival is closely correlated with the size of stock at 
time of planting. Again, if soil moisture content drops very low in the 
nursery owing to lack of irrigation, the stock produced will be much 
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smaller than normal, and a rather high cull percent will result. A low 
production of usable trees will result in an excessively high cost per 
thousand for the plantable trees. Consequently, an adequate irriga- 
tion system is a prime essential to uniform production of high quality 
nursery stock at minimum cost, and over a period of years will pay for 
itself many times. 

In the Federal nurseries in the plains region, it has been found that 
the cost of 2-year-old stock is only about 25 percent higher than the 
cost of 1-year-old stock. This narrow margin is due largely to the fact 
that blocks of 2-year-old stock invariably run considerably higher in 
production of usable stock per acre. i 

The costs of seed and of 1—0 stock in several Federal nurseries in 
South Dakota and Nebraska are given in table 26. 

TABLE 26.— Average seed and nursery costs in several nurseries in South Dakota and 
Nebraska 

Cost of | Cost of 1-0? |; Cost of | Cost of 1-02 
Species clean seed nursery || Species clean seed nursery 

| per pound | stock per M | per pound j|stock per M 

Greentash =) eens $0. 37 | $5538) ||| elias a eal ema $0.76 | $7. 82 
Atmenicankel m= apeeeeees . 24 4.87 || Russian-olive_____-____-__ . 29 8. 06 
@hinese’elms=2- = 22s eee 12.44 6265") |Eoneylocust=2 2. s= ae .49 6. 75 
ack bennyee = =e . 58 GSUR ill] IBhbbe OeMic 2 oe .07 10. 64 
Siberian pea-tree________- 11.89 4294) Gatalpasea: <2 fs pote ae 1.06 3. 67 
@hokechernya2 = . 78 itil ita || OSazecoran ge seas eae 1. 02 5S aye 

1 Collection costs abnormally high because of poor seed crop. Collection of seed in good years will cost not 
over 20 to 30 percent of the figures given. 

2 |-year seedlings not transplanted before field planting. 

These costs, of course, apply to actual costs as obtained for govern- 
ment nurseries and are not to be regarded as a yardstick for selling 
price of seed or nursery stock by commercial concerns, which have 
advertising and sales costs, local, State, and Federal taxes, and other 
costs to meet. Moreover, commercial nurserymen must also consider 
fluctuating market demands and make allowance for margin of profit. 

The costs of stock given in table 26 include all expenses involved 
in growing, digging, and shipping the stock, such as cost of seed, labor, 
land rental, supervision, equipment operation and depreciation, 
supplies, and proportionate share of state and regional overhead. 
The costs of stock are considered good averages for normal conditions, 
except in the case of chokecherry, which is high because of loss due to 
the shot hole disease which is somewhat difficult to detect in time to 
apply effective remedial sprays. 

The above costs are on the basis of production of usable seedlings, 
that is, stock which is at least %-inch caliper at the root collar. 
Trees below that size, and not carried over in the nurseries for an 
additional year, were discarded, and consequently bear no part of the 
cost. The minimum acceptable specifications of nursery stock will 
markedly affect cost, because with the rigid grading specifications 
used by the Forest Service, the percent of cull in the average block 
of broadleaf nursery stock often runs from 20 to 50 percent. Any 
reduction in the grading standard cited above will result in lower cost 
per thousand, but cost of stock is not the most important consideration 
in successful shelterbelt planting. The goal of all Forest Service 
planting in the prairie-plains is to obtain a minimum cost per surviving 
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tree, and to obtain a consistently good growth and high survival of 
shelterbelts, even in periods of subnormal rainfall. Too much empha- 
sis cannot be placed on attaining this goal, because nothing will 
stimulate more interest in planting and care of farmstead plantings and 
shelterbelts in the plains region than the presence in each county of a 
number of thrifty, well-planned belts of fast-growing trees planted with 
the best technical guidance that Federal and State agencies can give. 
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REFERENCE LIST OF TREE AND SHRUB SPECIES 

Mept1um-To-TALL DeEcipuous TREES 

Adlanthusi@treesof neaivem)) ee meee eae 
Ash. greemi 2725 5 tn st ee, seen eee ees 
Ash. prairie? 2202 29522 tee 2 soe ee oe 
Boxelder (ash-leaved maple) ______________ 
Catalpasimort hermes eee eer 
Coffeetree, Kentucky (coffeetree, coffee- 

bean). 
Cottonwood a Gees eae eee a pee eee 

Him; Amenicane Gv bite tela) 2 ee ee 
Elm, Chinese (leatherleaf elm)____________ 
Elim 4ST Cris 2 eae eee eee ae Re nee 

Ailanthus altissima. 
Fraxinus pennsylvanica lanceolata. 
F.. campestris. 
Acer negundo. 
Catalpa speciosa. 
Gymnocladus dioicus. 

Populus deltoides (and variants of 
west and south). 

Ulmus americana. 
U. parvifolia. 
U. pumila. 

Hackberiy occu rk ee Ne es ee | ne ae Celtis occidentalis. 
Hackberry, netleaf (Palo blanco)__________ C. reticulata. 
Honeylocusti stew Sea os apt eee areas Gleditsia triacanthos. 
Honey locust.) thornless = see eee 
LOCUStimblaCk: Sct are hes ei yy eee eee 
Maple; “sil veroic sce Seye vee ee erences, eee ae 
Mulberry: ted tee et ee ree eee 
Mulberry, Russian] 3922s ea eee 
Oak; sburs (mossy cup oaks) eee ear 
Osageorange (bois d’arc, bowwood)________ 
Pecan. oes basa eats wie ele ela. eee 
Persimmon Comin Ores a eee 
Soapberry, western (soapberry, wild China, 

chinaberry). 
Sycamore, American (buttonball)_________- 
Walnutsblackens sot SOs ike fs eee 
Walnut, Texas (western walnut, little wal- 

nut). 
Willow, witttes- Sheen Fas oe ee ee 
Willow, goldenves2s 3 8. 2s). ee ae eee 

G. triacanthos inermis. 
Robinia pseudoacacia. 
Acer saccharinum. 
Morus rubra. 
M. alba tatarica. 
Quercus macrocarpa. 
Moclura pomifera. 
Hicoria pecan. 
Diospyros virginiana. 
Sapindus drummondi. 

Platanus occidentalis. 
Juglans nigra. 
J. rupestris. 

Salix alba. 
S. alba vitellina. 

CONIFERS 

Cypress. Anizoma i. hs ts oo Seen one tee 
Jumper docks Mio um temp eee ae ee 
Pine Avis tricnss 22 0 ee Oe Gay sie i een 

Cupressus arizonica. 
Juniperus scopulorum. 
Pinus nigra (syn. P. laricio Poir, 

not Sari). 
Pine, jacks ajc 7 ees ae eee ee Sree ee ne P. banksiana. 
Pine; ponderosal 2322202. ee ee eee ee P. ponderosa. 
Pine; Scotehes one. 2 at © tee ss as ae eee oe P. sylvestris. 
Redcedar: Casters 2 sots epg ee ee Juniperus virginiana. 
Spruce: blue= 2.022 Fy po ee Picea pungens. 
Spruce, western white (Black Hills spruce)__ P. glauca albertiana. 

SHorRT TREES OR SHRUBS 

Apricot CRissian apricot) aa onan Prunus armeniaca. 
Bladder=seninae se 2 = ae Ra ee Colutea arborescens. 
Buckthorn pe Siberian = = aeaenmen senna Rhamnus dahurica. 
Buffaloberry, silver (bullberry, squawberry)  Shepherdia argentea. 
Chaste-tree; lilacs a0sr =i! Deas toes eee Vitex agnus-castus. 
Chokecherny, commons ses ae eee Prunus virginiana. 
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DMeKeCHeITy Western. = 2 eee P. virginiana melanocar pa. 
Reeernsmocrinm.. 26 tf 2s. sh Fk ee ee Malus baccata. 
Currant, golden (flowering currant) _______ Ribes aureum. 
Desertwillow (flowering willow)__________- Chilopsis linearis. 
Elder, American (sweet elderberry)________ Sambucus canadensis. 
Hawthorn (redhaw, thornapple)___________ Crataegus spp. 
Honeysuchte. “fatarian.-.-. =. 2 eee Lonicera tatarica. 
deiggiei ume Fa St ee eae ee Zizyphus jujuba. 
1 TL GAVE TITEL EA ie ee AO eee ci afd Syringa vulgaris. 
Mp Perie es > . e ee S. persica. 
Paele. Serpette 9S oe ee Acer tataricum. 
Nannyberry (sheepberry, blackhaw)_______ Viburnum lentago. 
Pea-tree, Siberian (caragana) _-- == Caragana arborescens. 
Papa Ac ipaisaw = Prunus angustifolia. 
ECE SOT (a ie ec Ree ogee a Oe P. angustifolia watsonit. 
Plum, American (wildplum)______________ P. americana. 
Redbud, eastern (Judas-tree)_____-_________ Cercis canadensis. 
fem Oliver 22S! 4) Sie eee ee Elaeagnus angustifolia. 
Serviceberry, common (western juneberry)__ Amelanchier alnifolia. 
Skunkbush (skunk sumac, aromatic sumac)_ Rhus trilobata. 
pupae | slapoglas 2 Pe eee R. glabra. 
SRT TONIC 38 a) et ES oe ee Tamariz gallica. 








